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Commissioner for Patents 
Washington, D.C. 20231 

SIR: 

Prior to calculating the national fee, and prior to examination in the National Phase of 
the above-identified International application, please amend as follows: 

IN THE CLAIMS : 

4. (Amended) DNA, characterized in that it codes for a fusion protein according 



expression of a recombinant protein/polypeptide X as constituent of a fusion protein 
according to Claim 1 . 



interactions, where one partner corresponds to the recombinant protein/polypeptide X in 
Claim 1. 

10. (Amended) Use of glucose dedydrogenase in a fusion protein according to 
Claim 1 as detector protein for any third protein/polypeptide which is not a constituent of the 



to Claim 1 . 



7. (Amended) Use of glucose dehydrogenase as detector protein for any 
recombinant protein/polypeptide X in a fusion protein according to Claim 1 . 

8. (Amended) Use of glucose dehydrogenase in a detection system for the 



(Amended) Use of glucose dehydrogenase for detecting protein-protein 
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fusion protein according to Claim 1 and is able to bind to the second sequence of the 
protein/polypeptide X in the said fusion protein. 

13. (Amended) Method for the rapid detection of any recombinant 
protein/polypeptide X by gellectrophoresis, characterized in that a fusion protein according to 
Claim 1 is prepared and fractionated by gel electrophoresis, and the recombinant 
protein/polypeptide to be detected in the gel is visualized via the enzymic activity of glucose 
dehydrogenase. 

17. (Amended) Method according to Claim 13, characterized in that the specific 
staining of the glucose dehydrogenese is followed by a general protein staining. 
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REMARKS 



The purpose of this Preliminary Amendment is to eliminate multiple dependent 
claims in order to avoid the additional fee. Applicants reserve the right to reintroduce claims 
to canceled combined subject matter. 

Attached hereto is a marked-up version of the changes made to the claims by the 
current amendment. The attached pages are captioned "Version With Markings to Show 
Changes Made". 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
Claims 4, 7-10, 13 and 17 have been amended as follows: 

4. (Amended') DNA, characterized in that it codes for a fusion protein according 
to Claims 1=3. 

7. (Amended) U se of glucose dehydrogenase as detector protein for any 
recombinant pro tein/polypep tide X in a fusion protein according to Claims 1 to 3. 

8. (Amended) U se of glucose dehydrogenase in a detection system for the 
expression of a recombinant protein/polypeptide X as constituent of a fusion protein 
according to Claims 1 to 3 . 

9. (Amended) Use of glucose dehydrogenase for detecting protein-protein 
interactions, where one partner corresponds to the recombinant protein/polypeptide X in 
Claims 1 to 3 . 

10. (Amended) U se of glucose dedydrogenase in a fusion protein according to 
Claims 1=3 as detector protein for any third protein/polypeptide which is not a constituent of 
the fusion protein according to Claims 1=3- and is able to bind to the second sequence of the 
protein/polypeptide X in the said fusion protein. 

1 3 . (Amended) Method for the rapid detection of any recombinant 
protein/polypeptide X by gellectrophoresis, characterized in that a fusion protein according to 
Claims 1 to 4 is prepared and fractionated by gel electrophoresis, and the recombinant 
protein/polypeptide to be detected in the gel is visualized via the enzymic activity of glucose 
dehydrogenase. 

17. (Amended) Method according to Claims 13 to 16 , characterized in that the 
specific staining of the glucose dehydrogenese is followed by a general protein staining. 
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Glucose dehydrogenase fusion proteins and their use in 



The invention relates to novel recombinant fusion 
proteins which comprise as one constituent a protein 
sequence having the biological activity of glucose 
dehydrogenase (GlcDH),- and to their use for the simple 
and efficient detection of any proteins /polypeptides , 
which preferably serve as fusion partners, and for the 
rapid optimization of expression systems which are able 
to express the said proteins/polypeptides . 

In this regard, GlcDH or the sequence having the 
biological activity of GlcDH assumes the role of a 
marker or detector protein. A particular characteristic 
of this enzyme is exceptional stability to denaturing 
agents such as SDS . GlcDH as marker or detector protein 
shows undiminished enzymatic activity even after the 
reducing and denaturing conditions of SDS-PAGE gels. 
Fusion proteins comprising GlcDH can therefore be 
detected using a sensitive enzymatic reaction based on 
this surprising behaviour. It is thus also possible 
with GlcDH as marker for the required expressed protein 
to be detected rapidly, at low cost and efficiently. 

It is furthermore possible in a number of cases for 
(GlcDH-protein/polypept ide fusion proteins to be 
expressed in higher yield and stability, especially in 
E. coli, than without GlcDH. Corresponding fusion 
proteins can thus be used per se for obtaining and 
preparing proteins/polypeptides. 

The in vivo expression of recombinant proteins is 
playing an ever increasing part in biotechnology. The 
ability to obtain, purify and detect cloned gene 
products from pro- and eukaryotic expression systems 
such as, for example, bacterial, yeast, insect or 
mammalian cells is frequently also used for studies of 




expression systems. 
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protein structure and function, of protein-protein and 
protein-DNA interactions, and antibody production and 
mutagenesis. It is possible with the aid of the DNA 
recombination technique to modify natural proteins 
5 specifically to improve or alter their function. The 
recombinant proteins are synthesized in expression 
systems which are continually being further developed 
and which can be optimized at many different points in 
the system. 

10 

The overall process of recombinant protein synthesis 
can be divided into two sections. In a first step there 
is molecular biological isolation of the gene and 
expression of the target protein , and in the next step 

15 there is detection and purification from the 
recombinant cells or their growth medium. At the 
molecular level, the gene of a protein is cloned into 
an expression vector provided for this purpose and then 
inserted into a host cell (pro- or eukaryotic cell) and 

20 expressed therein. Bacterial cells prove in this 
connection to be simple and cost-effective systems 
affording high yields. The host cell most frequently 
employed is the Gram-negative bacterium E. coli . 

25 The aim of expression of foreign genes in E. coli is to 
obtain the largest possible amount of bioactive 
recombinant proteins, which is called overexpression . 
It is known that eukaryotic foreign proteins may lose 
their biological activity during this through 

3 0 aggregation, as inclusion bodies, through incorrect 
folding or proteolytic degradation. One possibility of 
avoiding these frequently occurring difficulties is for 
the expressed proteins to be expelled from the cell as 
secreted proteins or else for so-called fusion proteins 

3 5 to be. used, through which insoluble recombinant 
proteins may be present in soluble form in the cell. 

In order to investigate the- function of proteins and 
their interaction partners which are important for' the 
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function, proteins are usually expressed in eukaryotic 
cells. The post- transcriptional modifications which are 
important for the function, and the correct 
compartmentation can take place therein. In addition, 
5 other proteins important for the correct folding and 
processing are present. 

Eukaryotic expression systems are also appropriate for 
expressing relatively large proteins and proteins which 

10 require post- transcriptional modifications such as, for 
example, S-S bridge formation, glycosylation , 
phosphorylation etc. for correct folding. Since these 
systems are usually complicated and costly, and the 
expression rate is below that of E. coli, it is 

15 particularly important to have a detection system which 
is rapid, reliable, sensitive and reasonably priced. 

Numerous gene fusion systems exist for detecting 
foreign proteins which have been formed by 
20 recombination and whose biological function is unknown. 
In these, the expressed fusion protein is detected via 
the fusion protein portion whose function is known. 

A sensitive detection system is necessary in order to 
25 determine correct expression, the amount expressed, the 
molecular weight and the functional activity of the 
fusion protein formed. The number of proteins of 
unknown function is increasing rapidly and it is 
becoming increasingly important to develop rapid and 
30 cost-effective' detection systems therefor. With most 
gene fusion systems, immunological methods such as, for 
example, the enzym- linked immunosorbent assay (ELISA) 
or the Western blot are employed, in which fusion 
proteins formed by recombination are detected with the 
35 aid of specific antibodies. 

However, corresponding fusion proteins not only have 
the described advantage that the foreign protein can 
easily be detected and analysed indirectly; on the 



contrary in many cases they allow the required protein 
to be expressed in higher yields than would be the case 
without its fusion partner. Each fusion partner has 
advantages, which it is not uncommonly able to transfer 
5 to the other partner, in a particular expression 
system. Thus, for example, the sensitivity of some 
proteins to protolytic [sic] degradation can be reduced 
when it is [sic] in the form of a fusion protein. 
Fusion -proteins also frequently have more favourable 
10 solubility and secretion properties than the individual 
components . 

-There are thus numerous reasons for carrying out gene 
fusions for expressing recombinant proteins in 

15 heterologous hosts. These are: increasing the 
solubility of foreign proteins, increasing the 
stability of soluble foreign proteins, localizing the 
foreign protein in a specific section of the cell, 
rapid isolation of foreign proteins by simplified 

20 purification strategies, possibility of the fusion 
protein to be specifically cleaved off,' possibility of 
rapid detection of the foreign protein from unpurifed 
cell extracts. 

25 At present there are many functional tests for testing 
the expression of recombinant proteins with the aid of 
gene fusion systems. These comprise simple tests which 
usually make direct detection possible from unpurified 
cell extracts. However, the test systems differ 

3 0 considerably in the time taken, throughput and 
sensitivity. 

For the abovementioned purposes it is possible to 
distinguish two types of fusion proteins. On the one 
35 hand fusion proteins which consist of the required 
protein and a usually short oligopeptide. This 
oligopeptide ("tag") functions as a marker or 
recognition sequence for the required protein. A tag 
may additionally simplify purification. 
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The main use of the tag is firstly in the testing of 
expression and secondly in protein purification. One 
example thereof is the so-called His tag which consists 
of a peptide sequence which has six consecutive 
5 histidine residues and is directly linked to the 
recombinant protein. With the aid of the attached His 
residue it is easily possible to purify the fusion 
protein on a metal affinity column (Smith et al . , 
1988) . This His tag is detected simply with the aid of 

10 the highly specific monoclonal antibody His-1 ( Pogge v/ 
Strandmann et al., 1995). Another marker used in fusion 
proteins is GFP , a green fluorescent protein (GFP) 
which is derived' from the jellyfish Aeguorea victoria 
and is employed as bioluminescent protein in various 

15 biotechnological applications (Kendall and Badminton, 
1998; Chalfie et al., 1994; Inouye et al., 1994). It 
can easily be detected by its autof luorescence in 
living cells, gels and even live animals. 

20 Further examples of tags, which will not be explained 
further, are the Strep-tag system (Uhlen et al., 1990) 
or the myc epitope tag (Pitzurra et al., 1990). 

The main use of fusion proteins consisting of a 
2 5 recombinant protein and a functionally active protein 

is, besides the detection described above, in the 
simplified purification of the expressed fusion 
proteins. Among these, various systems are known, some 
of which will be mentioned briefly hereinafter. 

30 

In the GST system, fusion vectors make it possible to 
express complete genes or gene fragments in a fusion 
with glutathione S- transferase . The GST fusion protein 
can easily be purified from the cell lysates by 
35 affinity . chromatography on glutathione-Sepharose 
(Smith, Johnson, 1988) . A biochemical and an 
immunological detection is available. The maltose- 
binding protein in the MBP system is a periplasmic 
protein from E. coli which is involved in transporting 
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maltose and maltodextrins through the bacterial 
membrane (Kellermann et al. , 1982) . It has been used in 
particular for expressing and purifying alkaline 
phosphatase on a crosslinked amylose column. The intein 
5 system is specifically suitable for rapid purification 
of a target protein. The intein gene has the sequence 
for the intein chitin binding domain (CBD) , through 
which the fusion protein can be bound directly from the 
cell extract onto a chitin column and thus purified 
10 (Chong et al . , 1997) . 

Glucose dehydrogenase (GlcDH) is a key enzyme during 
the early phase x of sporulation in Bacillus megaterium 
(Jany et al. , 1984) . It specifically catalyses the 

15 oxidation of (3-D-glucose to D-gluconolactone, with NAD + 
or NADP + acting as coenzyme. Apart from bacterial 
spores, the enzyme also occurs in the mammalian liver. 
Two mutually independent glucose dehydrogenase genes 
(gdh) exist in B. megaterium M1286 (Heilmann et al . , 

20 1988) . GdhA and gdhB differ considerably in nucleotide 
sequence, whereas GlcDH-A and GlcDH-B have, despite 
differences in the protein sequence, approximately the 
same substrate specificity. Further information and the 
corresponding DNA and amino acid sequences are also to 

25 be found, for example, in. EP-B 0290 768 . 

The systems described above for detecting foreign 
proteins which have been formed by recombination and 
whose biological function is either unknown or 
3 0 inadequately known are usually complicated and time- 
consuming. This means that improvement and optimization 
of the expression conditions often cannot be done 
quickly or simply enough. 

35 It is therefore a great advance to have developed a 
fusion protein partner which makes faster detection of 
the fusion protein possible, and does not have the 
disadvantages described in the state of the art for 
comparable systems. 



It has now been found that fusion proteins which 
comprise GlcDH or a ' sequence which [lacuna] the 
biological activity of GlcDH are outstandingly suitable 
for detecting any required "foreign or target protein" 
more quickly, simply and thus efficiently than using 
the state of the art described. This property is based 
on the surprising finding that GlcDH retains its 
enzymatic activity under conditions under which other 
enzymes . are inactivated (for example with SDS-PAGE) . 

The possibility of purifying dehydrogenases on 
immobilized dyes such as Cibachron Blue 3 G or other 
NAD-analogous compounds such as aminohexyl-AMP, which 
are similar, owing to their structure, to the NAD + 
coenzyme and likewise bind to all dehydrogenases, is 
known . 

Thus, as part of a . fusion protein, glucose 
dehydrogenase facilitates, owing to its affinity for 
the dyes which are, for example, immobilized on a gel 
and which , are commercially available, the purification 
of the fusion protein in one step. It is furthermore 
possible to detect GlcDH as constituent of a fusion 
protein by coupling the enzymatic reaction to a 
sensitive colour reaction, preferably with iodophenyl- 
nitrophenyl-phenyltetrazolium salt (INT) or nitro blue 
tetrazolium salt (NBT) (under the stated conditions) , 
which further simplifies indirect detection of the 
foreign protein. The method for staining GlcDH as 
marker enzyme additionally has the advantage that it 
does not impede the customary staining of proteins 
using, for example, Coomassie dyes or silver staining 
in the same gel. 

In one embodiment of the present invention , the fusion 
protein consists of, besides GlcDH and the foreign 
protein, also a tag peptide which can be used for 
additional characterization of the proteins bound to 
the tag peptide. The characterization takes place, for 
example, via the polyhistidine tag, which is recognized 
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as antigen by specific antibodies. Detection of the 
resulting antigen-antibody complex then takes place, 
for example, using a peroxidase ( POD) -labelled antibody 
via methods known per se. The bound peroxidase 
5 produces, after addition of an appropriate substrate 
(for example ECL system, Western Exposure 

Chemi luminescent Detection System, from Amersham) , a 
chemiluminescent product which can be detected using a 
film suitable for this purpose. The immunological 

10 detection can, however, also take place by a technique 
known per se, through a specific antibody tag, for 
example the myc tag. The polyhis tidine tag, alone or in 
combination with the myc tag, additionally has the 
advantage that the fusion protein can be purified by 

15 binding to a metal chelate column. 

However, the GlcDH fusion protein can also be purified 
and isolated by affinity chromatography directly on a 
specific anti-GlcDH antibody which has, for example, 
2 0 been immobilized on a chromatography gel such as 
agarose. 

Another advantage of the invention is that GlcDH can be 
expressed in soluble form in high yields, preferably in 

2 5 E. coli by the known expression systems (see above) . 

Thus, recombinant glucose dehydrogenase from Bacillus 
megaterium M1286 has been successfully expressed with 
high enzymatic activity in E . coli (Heilmann 1988).. The 
expression of other eukaryotic genes in E. coli is 
30 often limited by the instability of the polypeptide 
chain in the bacterial host. Incorrect folding may lead 
to aggregation ("inclusion bodies"), reduced or absent 
biological activity and proteolytic degradation. A 
corresponding fusion gene in which the GlcDH gene or a 

3 5 fragment having the biological activity of GlcDH has 

been ligated to the gene for the required foreign 
protein, can now be converted according to the 
invention into the fusion protein with virtually 
unchanged expression rate and yield compared with the 
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GlcDH gene without fusion partner. This can also take 
place when expression of the foreign protein on its own 
is not possible per se or is possible only in 1 reduced 
yields or only in an incorrectly folded state or only 
5 by use of additional techniques. It is thus possible to 
obtain the required foreign protein by subsequent 
elimination of the marker protein GlcDH or of the 
target protein, for example with endoproteases . 

10 An example according to the invention of a target 
protein which can be expressed successfully as fusion 
protein together with GlcDH in E. coli . is tridegin. 
Tridegin is an extremely effective peptide inhibitor 
for blood coagulation factor XHIa and is derived from 

15 the leech Hetemen teria ghllianii (66 AA, 7.6 kD; Finney 
et al . , 1997) . 

However, there are no restrictions to be mentioned 
according to the invention in relation to the nature 

2 0 and the properties of the foreign protein employed. 

The invention is not restricted just to the expression 
of the fusion proteins according to the invention in E . 
coli. On the contrary, such proteins . can also be 
25 synthesized advantageously using methods known per se 
and appropriate stable vector constructs (for example 
with the aid of the human cytomegalovirus (CMV) 
promoter) in mammalian, yeast or insect cells with good 
expression rates. 

30 

It is accordingly possible from the above description 
to characterize the invention in summary as follows and 
as indicated in the claims: 

3 5 The invention thus relates to a recombinant, fusion 

protein consisting of at least a first and second amino 
acid sequence, the first sequence having the biological 
activity of glucose dehydrogenase. The invention 
particularly relates to a corresponding recombinant 
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fusion protein in which the said second sequence is any 
recombinant protein/polypeptide X or represents parts 
thereof . 

5 The fusion proteins according to the invention may 
additionally comprise recognition sequences, in 
particular tag sequences. The invention thus relates 
further to a corresponding fusion protein which may 
additionally have at least one other tag sequence or 
10 recognition sequence suitable for detection. 

The fusion proteins according to the invention have a 
wide variety of possible uses. In this connection, 
glucose dehydrogenase with its properties plays the 

15 crucial part. Thus, the invention relates to the use of 
glucose dehydrogenase as detector protein for any 
recombinant protein/polypeptide X in one of the said 
fusion proteins. The invention further relates to the 
use of glucose dehydrogenase in a detection system, for 

20 the expression of a recombinant protein/polypeptide X 
as constituent of a corresponding fusion protein. The 
invention further relates to the use of GlcDH for 
detecting protein-protein interactions, where one 
partner corresponds to the recombinant 

25 protein/polypeptide X as defined hereinbefore and 
hereinafter. Finally, GlcDH may serve according to the 
invention as detector protein for any third 
protein/polypeptide^ which is not a constituent of the 
fusion protein but is able to bind to the second 

30 sequence of the protein/polypet ide X in the said fusion 
protein. GlcDH can furthermore be employed as marker 
protein for a partner in ELISA systems, Western blot 
and related systems. 

3 5 Since the invention employs recombinant techniques it 
also, of course, comprises corresponding vectors, host 
cells and expression systems. The invention relates not 
only to these vectors and host cells as such but also 
to the use of corresponding expression vectors in 



optimizing the expression of a recombinant 
protein/polypeptide X in a recombinant preparation 
process, and to the use of a corresponding host cell in 
optimizing the expression of a recombinant 
protein/polypeptide X in such a preparation process. 

The invention also relates to. a method for the rapid 
detection of any recombinant protein/polypeptide X by 
gel electrophoresis, in particular SDS-PAGE gel 
electrophoresis, where a corresponding fusion protein 
is prepared and fractionated by gel electrophoresis, 
and the recombinant protein/polypeptide to be detected 
is visualized in the gel via the enzymic activity of 
glucose dehydrogenase . 

Employed according to the invention in this connection 
to detect the enzymic activity of glucose dehydrogenase 
is a colour reaction based on tetrazolium salts, in 
particular iodophenylnitrophenyl -phenyl tetrazolium salt 
(INT) or nitro blue tetrazolium salt (NBT) , it being 
possible for a general protein staining according to 
the state of the art to follow [sic] where appropriate 
before or after the said colour reaction has taken 
.place . 

The figures are briefly explained below 

Fig . 1 : Construction scheme for the vector pAW2 . The 
vector contains the sequence for GlcDH. The complete 
sequence is depicted in Seq. Id. No. 1. 

Fig . 2 : Construction scheme for the vector pAW3 . 

Fig. 3: Construction scheme for the vector pAW4 . The 
vector contains the sequence for GlcDH and tridegin. 
The complete sequence is depicted in Seq. Id. No. 3. 



Fig. 4: Staining of GlcDH on an SDS-PAA gel. The 
staining method is described in detail in the examples. 
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1: Rainbow marker; 2: 0 . 1 p.g of GlcDH; 3_: 0.05 fig of 
GlcDH; 4: 0.001 fig of GlcDH; 5: lysate of HC11 cells; 
6: prestained SDS marker . 

Fig. 5: Detection of the expressed GlcDH enzyme (15% 
SDS-PAA gel, INT stain); 1: Rainbow marker; 2: 0.2 /xg 
of native GlcDH; 3: 10 fil of cell extract/1 ml of clone 
2 suspension; 4: 10 m1 of cell extract/1 ml of clone 1 
suspension; _5: prestained SDS marker; cell extract 
volume: 100 /il . 

Fig. 6: Serial dilutions from pAW2 expression (15% 
SDS-PAA gel, INT' stain); 1: Rainbow marker; 2^ 10 mI of 
cell extract/100 ill of suspension; 3^: 10 /xl of cell 
extract/1: 5 dilution; 4: 10 m1 of cell extract/1: 10 
dilution; 5: 10 /il of cell extract/1: 20 dilution; 6: 
0.5 /xg of GlcDH; 7: broad-range SDS marker; 8: 
prestained SDS marker; cell extract volume: 100 (il . 

Fig. 7: Detection of the expressed tridegin/GlcDH 
fusion protein (10% SDS-PAA gel, INT/CBB) ; 1: broad- 
range SDS marker; 2: 1 /ig of GlcDH; 3: 0.5 Mg of . GlcDH; 
4: 0.1 Mg of GlcDH; 5^: 500 /il of cell extract; 6:200 /il 
of cell extract; 7: 100 /xl of cell extract; 8: 500 m1 
of cell extract (pAW2 expression) ; cell extract volume: 
100 m1. 

Fig. 8 : Immunodetection of tridegin/His and 

tridegin/His/GlcDH fusion protein (from 10% SDS-PAA 
gel, ECL detection) and comparison with 

tridegin/His/GlcDH - (10% SDS-PAA gel, INT-CBB stain); 1: 
broad-range marker; 2: 1 ml of cell extract (pAW2 
expression) ; 3 : 100 ill of cell extract (pST106 
expression); 4: 200 m1 of cell extract (pST106 
expression); 5: 300 /xl of cell extract (pAW4 
expression); 6: 2.5 Mg of calin-His positive control; 
7: broad-range marker; 8: 100 m1 [lacuna] (pAW4 
expression); cell extract volume: 100 m1- 
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Fig . 9 : SDS gel which explains the sensitivity of the 
detection of GlcDH . 1, 5, 10, 2 5 and 50 ng of GlcDH and 
molecular weight markers (left-hand column) are 
plotted. 

5 

The abbreviations used hereinbefore and hereinafter are 
explained below 



A adenine 

A x - absorption at x nm 

10 Ab antibody 

Amp ampicillin 

AP alkaline phosphatase 

APS ammonium peroxodisulphate 

AA amino acid 

15 bla 3-lactamase gene 

BIS N r N' -methylenebisacrylamide 

bp base pairs 

BSA bovine serum albumin 

C cytosine 

2 0 cDNA copy (complementary) DNA 

CBB Coomassie Brilliant Blue 

CIP calf intestinal phosphatase 

dNTP 2 ' -deoxyribonuceloside [sic] 5 ' -triphosphate 

ddNTP 2 ' , 3 ' -deoxyribonuceloside [sic] 5 ' -triphosphate 

25 DMF dimethyl formamide 

DMSO dimethyl sulfoxide 

DNA deoxyribonucleic acid 

dsDNA double- stranded DNA 

DTT di thi o thr e i t o 1 

3 0 ECL Exposure™ Chemi luminescence 

EDTA ethylenediamine-N, N, N' , N ' - tetraacetic acid, 

disodium salt 

ELISA enzyme-linked immunosorbent assay 

EtBr ethidium bromide 

35 EtOH ethanol 

f .c. final concentration 

FACS f luorescent-activatet [sic] cell sorting 

G guanine 

GFP green fluorescent protein 
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GlcDH glucose dehydrogenase (protein) 

gdh glucose dehydrogenase (gene) 

GST glutathione S- transferase 

His histidine residue 

5 HRP horseradish peroxidase 

IB inclusion body 

IgG immunoglobulin G 

INT iodonitrotetrazolium violet 

kb ' kilobase pairs 

10 kD kilodalton 

rriA mil Hamper e 

m-RNA messenger RNA 

MBP maltose-binding protein 

MCS multiple cloning site 

15 M r relative molecular weight 

NAD(P) nicotinamide adenine dinucleotide . (phosphate) 
free acid 

Od x optical density at x nm 

ompA outer membrane protein A 

20 ori origin of replication 

• PAA polyacrylamide 

PAGE polyacrylamide gel electrophoresis 

PCR polymerase chain reaction 

POD peroxidase 

25 . PVDF polyvinylidene dif luoride 

RNA ribonucleic acid 

RNAse ribonuclease 

rpm revolutions m per minute 

rRNA ribosomal RNA 

3 0 RT room temperature 

. SDS sodium dodecyl sulfate 

ssDNA single-stranded DNA 

Strep streptavidin 

T thymine 

3 5 T m melting ■ point (DNA duplex) 

t-RNA transfer RNA 

Taq Thermophilics [sic] agruaticus 

TCA trichloroacetic acid 

TEMED N,N,N' , N ' - tetrame thy 1 ethylenedi amine 
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Tet 


tetracycline 


Tris 


tris (hydroxymethyl ) aminome thane 


U 


unit of enzymic activity 


U 


uracil 


UV 


ultraviolet radiation 


ON 


overnight 


V 


volt 


VIS 


visible 


w/ V 


• weight per volume 
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Unless specified, otherwise, the methods and techniques 
used for this invention correspond to methods and 

15 processes sufficiently well known and described in the 
relevant literature. In particular, the disclosure 
contents of the abovementioned publications and patent 
applications, especially by Sambrook et al . and Harlow 
& Lane,, and EP-B-0290 768, are comprised in the 

20 invention. The plasmids and host cells used according 
to the invention are as a rule exemplary and can in 
principle be replaced by vector constructs which are 
modified or have a different structure, or other host 
cells as long as they still have the constituents 

25 stated to be essential to the invention. The 
preparation . of such vector constructs, and the 
transfection of appropriate host cells and the 
expression and purification of the required proteins 
correspond to. standard techniques which are 

3 0 substantially well known and may likewise be modified 
according to the invention within wide limits. 

The invention is described further below. Further 
details are explained in the examples. 

35 

The Bacillus megaterium GlcDH structural gene was 
modified by PGR with the plasmid pJH115 (EP 0290 768). 
acting as template. The amplified fragment (0.8 kb) , 
which had a PstI recognition sequence at one end and an 
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Eco47III recogition sequence at the other, was digested 
with these enzymes and cloned into the cytoplasmic 
(pRG45) or periplasmic (pST84) E. coll expression 
vector (Figs. 1, 2). The resulting plasmids, pAW2 and 
5 pAW3 , now had a GlcDH gene which encodes a protein of 
about 30 kD (261 AA) and is located downstream of the 
strong Tet promoter. The cytoplasmic pAW2 expression 
vector has a size of about 4 kb . The periplasmic pAW3 
secretion vector is slightly larger and differs from 

10 pAW2 only by an omp A signal sequence which is upstream 
of the multiple cloning site (MCS) and makes it 
possible for the recombinant protein to be secreted 
into the periplasm. Both vectors additionally have an 
MCS with 12 different restriction cleavage sites which 

15 make in- frame cloning with the following His tag 
possible. The . polyhis tidine (6His) tag makes it 
possible for the recombinant protein to be purified on 
a metal affinity column. The vector pAW4 finally 
comprises the tridegin gene and the GlcDH gene, which 

20 were connected together by. an MCS , and the 
polyhistidine (6His) tag which is ligated downstream to 
the GlcDH gene. The individual constructs are depicted 
in Figs. 1, 2 and 3. However, the chosen . plasmid 
constructs are only by way of example and do not 

25 restrict the invention. They may be replaced by other 
suitable constructs containing. the DNA sequences 
mentioned. The preparation of the vectors and the 
clones and expression of the proteins are specified 
" further in the examples. 

30 

The sensitivity of the activity staining was carried 
out [sic] for native GlcDH in a reduced SDS gel. For 
this purpose, serial concentrations were prepared with 
native GlcDH (c = 1 mg/ml; A = 200 U/ml), and a 
3 5 negative control was prepared. SDS-PAGE and activity 
staining using INT resulted in the SDS gel depicted in 
Fig. 3. It was possible with the test employed to 
detect GlcDH down to a concentration of 50 ng . The 
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negative control, which contains no GlcDH, shows no 
band, as expected. 

The exact molecular weight of the native GlcDH can be 
5 determined using marker proteins and with the aid of a 
calibration plot. To do this, the relative migration 
distances o,f the marker proteins were determined and 
plotted against their respective logarithmic molecular 
weights . 

10 A procedure for the expressions carried out was as 
depicted in the scheme (Tab. 1) : 

Tab . 1 

Transformation of the GlcDH expression vectors into 

W3110 cells 
i 

Preculture in LB (Amp) medium at 37°C (12 h) 

I 

Cell growth at 37°C in main culture with induction (5 h) 

i 

Centrif ugation to obtain biomass 

i ■ 

Suspension of the cells in lx SDS loading buffer 

I 

Cell disruption at 95°C for 5 min 

i 

Cell extract can be used directly in SDS-PAGE (1 h) 

Activity staining of GlcDH in SDS gel (30 min) 

I ■ 

■ Gel band analysis 



15 The plasmid pAW2/ clone 9 (pAW2/K9) was transformed into 
the competent E. coli expression strain W3110, and two 
clones from the resulting transformation plate were 
used to inoculate a 5 ml preculture. Induction with 
anhydrotetracycline took place 2 h after inoculation of 

20 the main culture. Expression overall lasted 5 h and was 
stopped at an OD of 1.65 for clone 1 and 1.63 for clone 
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2. After SDS-PAGE and GlcDH activity staining, a strong 
GlcDH band (about 35 3cD) was detectable for each clone 
from 1 ml of cell suspension. 

No difference between the resulting GlcDH bands became 
5 evident when SDS-PAGE was carried out under reduced and 
non-reduced conditions. For this purpose, in each case 
500 to 100 Ml of the cell suspension were investigated 
in the SDS gel by GlcDH activity staining with INT. 

In order to illustrate the sensitivity of the GlcDH 
activity staining compared with Coomassie staining, 
samples of 100 /il of cell suspension, and 1/5, 1/10 and 
1/20 dilutions of the cell suspension were prepared. 
The final volume of the dilutions was likewise 100 . 
The resulting SDS gel was used, after the GlcDH 
activity staining, for a Coomassie staining to 
visualize further protein bands. The SDS gel resulting 
from this is depicted in Figure 4 . A distinct band is 
still evident at the 1/20 dilution using the GlcDH 
activity staining, whereas Coomassie-s tained bands are 
now scarcely detectable. 

The Haementeria ghilianii tridegin structural gene with 
coupled His tag was modified by PCR with the plasmid 
25 pSTlOS acting as template. The amplified fragment 
(0.25 kb) , which is flanked by a Clal recognition 
sequence and a PstI recognition sequence, was digested 
with these enzymes and cloned into the cytoplasmic E. 
coli GlcDH fusion vector pAW2 . The resulting plasmid 
3 0 pAW4 now had a tridegin-His-GlcDH fusion protein gene 
which codes for a protein of about 44 kD and is located 
downstream of the strong Tet promoter. The cell extract 
from the E. coli strain W 3110 which comprises the 
cytoplasmic pAW4 plasmid was analysed by SDS-PAGE and 
35 GlcDH activity staining. It was possible therewith to 
detect several bands stained red-violet at 35, 37, 40 
and 43 kD . The 43 kD band comprised the required 
tridegin-His-GlcDH fusion protein, although its 
molecular weight was somewhat less than the theoretical 
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value of 44 kD. The remaining detectable bands were 
presumably produced by proteolytic degradation of the 
fusion protein in E. coli since the smallest stained 
band of 3 5 kD approximately corresponds to the size of 
GlcDH. It was possible on the basis of a size 
comparison to identify the 35 kD band which was formed 
as the His-GlcDH degradation product. 

Carrying out [sic] expression kinetics revealed that 
proteolytic degradation of the formed fusion protein 
started 2 hours after induction of the Tet promoter 
with anhydrotetracycline, that is to say after this 
time additional bands were detectable in the SDS gel by 
activity staining. The formed fusion protein was not 
stable to E . coli proteases, which is shown by its 
relatively fast protein degradation. It was possible, 
by using the constructed periplasmic GlcDH fusion 
vector pAW3 to avoid proteolytic degradation of the 
fusion protein in the cell, because in this case the 
expressed fusion protein would be secreted into the 
periplasmic space between E. coli cells. E. Coli 
proteases are found mainly in the cytoplasm. 

The sensitivity and specificity of the GlcDH fusion 
protein, detection makes it possible for recombinant 
foreign proteins to be screened rapidly and simply. 
Sensitivity of the GlcDH detection system was 
determined using native GlcDH. Detection of native 
GlcDH activity resulted in a band stained red-violet at 
about 30-35 kD in the SDS-PAA gel. 

Cytoplasmic expression in the E. coli strain W 3110 of 
the recombinant GlcDH from pAW2 showed the same 
molecular weight.- Sensitivity comparison between native 
GlcDH and recombinant GlcDH was possible by comparing 
the band intensities. 

The developed test system (see examples) additionally 
makes it possible to carry out double staining of the 
SDS gels. In the first staining there is specific 
detection of the GlcDH bands. The background staining 
can be followed by a conventional protein staining, for 
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example a Coomassie staining of the remaining proteins. 
GlcDH surprisingly retains according to the invention 
under reducing conditions in the presence of SDS its 
complete activity, which makes rapid detection in the 
5 SDS gel possible. 

It is furthermore possible according to the invention 
to increase the sensitivity of the detection of GlcDH 
activity by using nitro blue tetrazolium salt (NBT) as 
10 substrate for GlcDH. The reaction rate for the GlcDH 
detection using INT can, however, be increased further 
by using Triton X-1G0 (1% final solution) or adding 
NaCl (I'M final solution). 

15 The recombinant fusion proteins tridegin/His and 
tridegin/His/GlcDH were obtained by expression of the 
pST106 and pAW4 plasmids (Figs. 1, 2) . After disruption 
of the cells in the relevant expression mixture, the 
samples were fractionated by SDS-PAGE and transferred 

20 to a membrane. The tridegin-His-GlcDH fusion protein 
was detectable immunologically via the His tag present 
therein by using an anti- RGS 'His antibody in a Western 
blot. The controls used were purified recombinant calin 
(leech protein) which has a terminal His tag, and the 

25 cell extract of the expressed recombinant GlcDH which 
has no His tag. The anti- RGS *His antibody was able to 
detect a band at about 37 kD and another band at about 
43 kD for the recombinant tridegin/His/GlcDH fusion 
protein (Fig. 6) . Comparison of the sizes of the bands 

30 obtained with the bands obtained after activity 
staining in the SDS gel shows that the 43 kD band 
repre sents the tridegin-His-GlcDH fusion protein and 
the 37 kD band represents the His-GlcDH degradation 
product of the complete fusion protein. The calin/His 

3 5 tag protein produced a band at about 2 6 kD . The 
somewhat smaller recombinant tridegin/His tag protein 
produced a band at about 2 3 kD plus further bands 
indicating binding of the His antibody to other 
expressed proteins. The immunological detection with 
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the anti- RGS: His antibody thus proves that the protein 
detected at 43 kD and that detected at 37 kD contained 
a His tag. In addition, the size of the latter protein 
approximately corresponded to the theoretical size 
5 (36.5 kD) of the GlcDH protein with coupled His tag. 

In addition to the detection of expression of the 
recombinant tridegin, the biological activity of 
tridegin as constituent of the tridegin-GlcDH fusion 

10 protein was investigated, in the specific case from 
pAW4 . This test is based on the inhibition of factor 
XHIa by native leech gland homogenate and purified 
tridegin (Finney v et al . , 1997). The modified test is 
described in the examples. As a control, the 

15 corresponding fusion protein from pST106 and the GlcDH 
protein from pAW2 were expressed. Comparison of the 
enzymic activity with recombinant tridegin expressed 
either as GlcDH- tridegin fusion protein or as tridegin- 
His tag in E. coli revealed negligible differences. In 

2 0 addition, the recombinant tridegin proteins from the 
two different expressions showed comparable biological 
activities to the native leech gland homogenate. It- can 
be concluded from this that fusion with GlcDH has no 
interfering effect at all on the biological activity of 

2 5 the coexpressed foreign gene. 

Tridegin itself (that is to say not as fusion protein) 
has no activity after E. coli expression and is formed 
as inclusion body; Expression of GlcDH in E. coli 

30 results in an enzyme with high specific activity and 
stability in soluble form. It was demonstrated in 
expression experiments that proteins which have a high 
solubility capacity on expression in E. coli increase 
the solubility capacity of foreign protein expression 

35 when they are fused to the latter (LaVallie, 1995) . 
Fusion of tridegin to GlcDH in this case also increased 
the solubility of tridegin because it was possible by a 
biological detection in w,hich tridegin inhibits factor 
XHIa to detect the activity .of tridegin after E. coli 



- 24 - 

expression as tridegin-His-GlcDH fusion protein. The 
GlcDH fusion protein is expressed in high yield in E. 
coli . 

The possibility of expressing cloned genes as fusion 
5 proteins containing a protein of known size and 
biological function markedly simplifies the detection 
of the gene product. For this reason, as mentioned in 
the introduction; numerous fusion expression systems 
have been developed with various detection strategies. 

10 

A comparison of the known systems with the GlcDH fusion 
system according to the invention in E. coli is shown 
in Tab. 2. In 4 some systems, the N-terminal fusion 
protein can be cleaved off from the C-terminal target 
15 or foreign protein (Collins-Racie et al. , 1995). 



Tab . 2 : 



Tag /fusion partner 


MW 
(kD) 


Detection 


Advantage 


GlcDH 


3 0 


Function test 
in the SDS 
gel 


Rapid and low- 
cost, direct 
detection in 
the SDS gel 


His tag ( Pogge v. 
Strandmann et al . , 
1995) 


1-7 


Western blot, 
ELISA 


Small 


Strep-tag (Uhlen et 
al. , 1990) 


13 


Western blot, 


Small 


myc epitope 
(Pitzurra et al . , 
1990; Gazitt et 
al., 1992) 


1-2 


Western blot, 
ELISA 


Small 


IgG portions, Fc 
(Moks et al. , 1987; 
Ettinger et al . , 
1996) 


2-5 


Western blot, 
ELISA 


Small, 

selection of 
cells (FACS) 


GFP (Chalfie et 


27 


Fluorescence, 


Selection of 
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v-tr J — Lo even XII 

the culture 

dish cpvpral 

detectable 

s imul taneously 

(FACS) 


T-n t~ i n ( rhnn rr p> t~ 

±11 LCJ.11 w <— 

al., 1997) 


48 


We^teTTi hi of 

V V V— O U VI- -L- J. -L .1— / -1- L. 


P"i i <=; i on nsyfriPT 

can be deleted 


GST t (Smith, 
Johnson, 1988; Gosh 

til— Cl J_ - / J — s -s ~> f 


26 


Western blot, 
color imetric 
detection in 
solution 


Fusion partner 
can be deleted 


MBP (Chu di Guan-et 
al. , 1988; 
Kellermann et al . , 
1982) 


40 


Western blot 


Fusion partner 
can be deleted 



Method 


Pre- 
condition 


Time 
taken 


Throughput 


Sensitivity 


Information 


GlcDH 
detect- 
ion 


GlcDH 
function- 
ally 
active 


about 
3 h 


moderate- 
high 


5 0 ng 


protein 
amount + 
protein 

size 


ELISA 


2 anti- 
bodies 


about 
1 day 


high 


pg-ng 


protein 
amount 


Western 
blot 


1-2 anti- 
bodies 
Tag on 
the 

protein 


1-2 
days 


low 


ng 


protein 
size + 
protein 
amount 



A very great advantage of the GlcDH detection system 
according to the invention is the fact that it does not 
5 require, such as, for example, for the Western blot 
detection, any antibodies or other materials such as, 
for example, membranes, blot apparatus, developer 
machine with films, microtitre plates, titre plate 
reader etc. This means that the detection of 
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recombinant fusion proteins using the GlcDH system 
takes place very much more favourably and rapidly. It 
is possible with the aid of GlcDH detection to 
establish not only information about the amount of the 
5 expressed fusion protein but also the corresponding 
size of the fusion protein directly in the SDS-PAA gel 
without transfer to a membrane. If GlcDH activity is 
detectable in the fusion protein, the fusion partner 
ought also as a rule to be functionally active. GlcDH 

10 does not interfere with the folding of the fusion 
partner. The advantages of the GlcDH fusion protein 
system according to the invention are shown in a 
comparison hereinafter (Tab. 3 below) by selecting from 
the literature an efficient method for isolating and 

15 detecting a fusion protein obtained in E. coll. 

The GlcDH fusion protein system according to the 
invention is furthermore particularly suitable for 
increasing the solubility of proteins which are formed, 
especially in E. coll, as inclusion bodys and therefore 

2 0 make subsequent protein purification difficult and 

costly. It is normally necessary to convert proteins 
formed as inclusion bodys into their native state by 
elaborate methods. This is unnecessary on use of the 
fusion proteins according to the invention. 

25 

In summary, the advantages of the fusion proteins 
according to the invention which are in use as GlcDH 
detection system are as follows. 

• Stability under' SDS and reducing (denaturing) 
30 conditions 

• Sensitive GlcDH-specif ic enzymatic colour test 

• Sensitivity as far as at least 50 ng 

• Rapid detection directly in the SDS gel with 
determination of the molecular weight of the fusion 

3 5 partner 

• Possibility of additional protein stainings 

• Low-cost materials, little expenditure on apparatus 
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10 



• Good expression in E. coli, including that of the 


target protein with retention of the biological 


activity 




• Possibility of avoiding 


inclusion Douies or tne 
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by incorrect folding 




• Possibility of purifying 


the fusion protein via 


^ "F "F "t n "i t~\r r*Vi r~omr5 t r>crr*^Tihv 


fnr px3it\d1p on dves 


fP-i harrnn R] up ^ f~l ^ 




m-'U O 

TaD w> 




Lonstrucuion/ uraixox.ux.iuciL_Lt_ui 


Pnn cr f r~i ip 1 — 1 rin / t"Tr?n <: ;f n r*m^5 1 i nn 

V . (J1J. il> I— JL LX v_- l_ _L IX/ l_- J_ CIX X O X. ^ — ' X_ J. 1 LCI l_ J_ Ull 


O J_ Clie pi U Lc J-II ri / ^JX ir x uoxuj.1 


of the GIcDH/trideain 


vecioi 


■pi i c "i on t ro ^ I - nr - 

i_ U.O X Uil V CL, LUX 


1 


1 


brOW Lii OH Cllfci Lcllb LJix x_ix_j 


Pr**= i r*TiT'l~iiT~(= i "in T ,R ( Attid ^ 

XT X. ^ • l_L X_ L_ l~J. X_ CZ: Xll XJ X_J \ xU. L IJuf / 


dydx pidUcb d L. J / ^— 


medium at "?7°C (12 h) 


(1 day) 




1 


I 


Lcll yiUWLIl ct L. z. _> v_ 


Pel 1 arowth at 17 °C in main 


V — > u.ay o / 


culture with induction 




(5 h) 


1 


J, 


Ct i onon cr i r^iT^ ^"F I - Vl ^ fPl 1 ^ T T*l ■ 
oubUtlllbxUli x. Liic ^— ^ -i — 1~ >z> J-ii 


Suspension of the cells in 


buffer (oH 8 0) 

\-J Li. X. X_ CZ- X. V _fcr * ' 


SDS loading buffer 


1 


i 


Cell disruption and removal 


SDS cell disruption at 95°C 


of cell detritus by 


for 5 min 


r* *=i7~i i — r* i 1~n rr^5 t i on 

Cil t— . X. _L X. Q. ^, _J_ VJl-l 




1 


i 


^ncj-PAnK for orotein 


SDS-PAGE (1 h) with cell 


separation (1 h) 


extract 


• i 


i 


Protein transfer to 




nitrocellulose membrane 




(lh) 




1 




Blocking reaction (1 h) 


GlcDH activity staining in 
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I 


the SDS gel (30 min) 


Antibody reaction (1 h) 


I 


i 




Tt-i iV\a f ■! fin -1 n TTT~ nt" £^ T Tl A — f^P'T 3 

XiiC LLi_>ci C JL tJll Xll I. u L. tr; _l n r^. kji. jt 




working buffer 




^(20 min) 




I 




UV radiation 


Analysis of the SDS gel 


(365 nm) /analysis of the 


with determination of the 


blot 


molecular weight 



The following examples illustrate the invention further 
without restricting it. 



Example 1 : 



Primer 


Sequence 


Length 


Use 


GlcDH#l 


5 ' - 

GCGCGAATTCATGTATA 
C AGATTT AAAAAG AT - 
3' 


32 bases 


PCR primer (attaches 
to the 5' end of gdh 
and introduces an 
EcoRI cleavage site) 


GlcDH#2 


.5'- 

GCGCTTCGAACTATTAG 
CCTCTTCCTGCTTG-3 ' 


31 bases 


PCR primer (attaches 
to the 3 ' end of gdh 
and introduces an 
Sful cleavage site) 


GlcDH#3 


5 ' - 

GCGCCTGCAGATGTATA 
CAGATTTAAAAGAT- 3 ' 


31 bases 


PCR primer (attaches 
to the 5 ' end of gdh 
and introduces a 
PstI cleavage site) 


GlcDH#4 


5 ' - 

GCGCAGCGCTCTATTAG 
CCTCTTCCTGCTTG-3 ' 


31 bases 


PCR primer (attaches 
to the 3 ' end of gdh 
and introduces an 
Eco47III ■ cleavage 
site) 



O u :''i' .1 "< NP9 '!••!!" ,„ oifi tfe O I. 
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Tridegin 
#1 


" 5 ' - 

GCGCATCGATATGAAAC 
TATTGCCTTGCAAA-3 ' 


31 bases 


PCR primer (attaches 
to the 5 ' end of 
tridegin and 
introduces a Clal 
cleavage site) 


Tridegin 
#2 


5 ' - 

GCGCCTGCAGGTGATGG 
TGATGGTGATGCGA-3 ' 


31 bases 


PCR primer (attaches 
to the 3 ' end of 
tridegin , and 
introduces a PstI 

*w _L_ CI v CX^J -L. V— V— / 


pASK 7 5 
UPN 


5 ' - 

CCATCGAATGGCCAGAT 
GATTA-3'* 


22 bases 


Sequencing primer 
(IRD 41 labelled at 
the 5 ' end, attaches 
in tet p/o of pRG 45 
and pST84) 


PASK 7 5 
RPN 


5 ' - 

TAGCGGTAAACGGCAGA 
CAAA-3 ' 


21 bases 


Sequencing primer 
(5' IRD 41 labelled, 
attaches in lpp of 
pRG 4 5 ^and pST8 4) 




TAATACGACTCACTATA 
GGG-3' 


\J O *w 


Q prn ipnni r|rr nri mpr 

(5 ' IRD 41 labelled, 
attaches to the T7 
priming site of 
pcDNA3 . 1/myc-His A, 
B, C 


Rev 
Seq . as 


5 ' - 

TAGAAGGCACAGTCGAG 
G-3 ' 


18 bases 


Sequencing primer 
(5 ' IRD 41 labelled, 
attaches to the BGH 
reverse priming site 
of pcDNA3 .1/myc-His 
A, B, C) 



The above nucleotides were used according to the 
invention (Tab. 4) . 



5 Table 5 below summarizes the microorganisms used, 
the microorganisms are derived from E. coli K12 
belong to risk group 1. 



All 
and 
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Tab. 5 



Strain 


Genus/ 
species 


Genotype 


Li t e ra tu it e 


ToplOF' One 
Shot™ Cells 


E. coli 


F' (lacI Q TnlO (Tet R ) ) mcrA 
A ( mrr- hsdRMS - 
jncrBC) 3>8 0IacZAM15AIacX7 4 ■ 
deoR recAl araD13 9 

A ( ^) r~^i — 1 t=*j i ) "7 f\Q7 rr^i 7 TT rr^ 7 T<f 
la \ ax a j. cu / / d / y aiu yd j. xv 

rpsL(StrR) endAl nupG 


ToplOF' 
OneShot™ Kit 
from 

Invitrogen® 


Epicurian 

Coli*XLl- 

Blue 

MRF ' Cells 


E. coli 

) 


A(mcrA)183 A(mcrCB- 
hsdSMR-znrr) 173 endAl 
supE4 4 thi-1 recAl 
gyrA96 relAl lac(F' 
proAB 

2acI q zAM15TnlO (Tet 1 ) ) 


Stratagene ' s 

Competent 

Cells 


TOP10 

OneShot™ 

Cells 


E. coli 


F" mcrA A {mirr-hsdKMS- 
mcrBC) 

3>801acZAM15 AlacX74 
recAl deoR recAl araD13 9 
A {a.ra~leu) 7 69 7 gralU galK 
rpsL (Str R ) endAl nupG 


TOPO TA 
Cloning® Kit 
(Version C) 
from 

Invitrogen® 


W 3110 


E. coli 


F~ X~ WT E. coli 


B . Bachmann , 
Bacteriol . 
Rev. 36(72) 
525-557 



' Donor organism : M 7037 expression strain (E. coli N 
5 4830/pJH 115) of 21.10.96 (supplied by Merck). 

pJH 115: pUC derivative, 5.9 kb, 0 L P L promoter, gdh, to 
(terminator), galk (galactosidase gene), bla ((3- 
lactamase gene) , ori (origin of replication) , 2 
Hindll I, 2 BamHi and one each EcoRI and Clal cleavage 
10 site. 

Example 2 : 

Transformation of plasmids into competent E. coli 
cells: 



SOC medium: 20 g of Bacto tryptone, 5 g of Bacto yeast 
extract, 0.5 g of NaCl, 0.2 g of KC1 ad 1 1 ddH 2 0, 
autoclave. Before use, add: 0.5 ml of 1 M MgCl 2 /l M 
MgS0 4 (sterile-filtered) , 1 ml of 1 M glucose (sterile- 
filtered) 

LB (Amp) agar plates: mix together 1 1 of LB medium 
(without ampicillin) and 15 g of agar-agar,- autoclave, 
cool to about 60°C and 1 ml of ampicillin solution 
(100 mg/ml) . Procedure: 

Mixture 1-5 Ml °f ligation product or plasmid 

DNA (5-50 ng//il) 

50 /il of competent cells 

450 jjl! of SOC medium, 

thaw competent cells on ice for 10 min 
add DNA to the competent cells 
incubate on ice for 30 min 
heat shock: 30 sec at 42°C (water bath) 
place cells on ice for 2 min 
add 45 0 ^1 of prewarmed SOC medium 
incubate at 37 °C and 22 0 rpm for 1 h 

streak 100 ^1 portions of the mixture onto a 
prewarmed LB (Amp) plate 
incubate plates at 37°C overnight 
Example 3 : 

TOPO-TA-Cloning® and ligation 

TOPO-TA-Cloning® is a five-minute cloning method for 
PCR products amplified with Taq polymerase. 
The TOPO-TA-Cloning® kit (version C) supplied by 
Invitrogen was developed for direct cloning of PCR 
products. The system makes use of the property of 
thermostable polymerases which attach a single 
deoxyadenosine at the 3' end of all duplex molecules in 
a PCR ( 3 ' - A overhang). It is possible with the aid of 
these 3 ' -A overhangs to link, the PCR products directly 
to a vector which has 3 ' -T overhangs. The kit provides 
the pCR®2.1-T0P0 vector which was specifically 
developed for this purpose. The vector is 3.9 kb in 
size and has a lacZ gene for blue/white selection, and 
ampicillin- and kanamycin-resis tant genes. The cloning 



site is flanked on both sides by a single EcoRI 
cleavage site. 
Ligation mixture: 

2 /il of. fresh PCR product (10 ng/^l) 

1 mI of pCR®-T0P0 vector 

2 ill of sterile water 
5 ill total volume 

Carefully mix the mixture and incubate at RT for 5 
mirA 

Briefly centrifuge and place tube on ice 

Employ- ligation products immediately in the One 

Shot™ transformation 

A 5 Ml mixture without PCR product and consisting only 
of vector and water is used as control. 

The One-Shot™ transformation was carried out by the 
following method: 

Add. 2 Ml of 0.5M P-mercaptoethanol to the 50 m1 of One 
Shot™ TOP10 competent cells thawed on ice; 

Add 2 Ml of the TOPO-TA-Cloning® ligation per vial of 

competent cells; 

Incubate on ice for 30 min 

Heat shock: 30 sec at 42°C; 

Cool on ice for. 2 min; 

Add 250 Ml of SOC medium (RT) ; 

Incubate the vials at 3 7°C and 220 rpm for 30 min; 
Streak 100 m! of each transformation mixture onto 
LB (Amp) plates prewarmed to 37 °C; 
Incubate plates at 37 °C overnight ; 

Analyse the resulting transf ormands after 

minipreparation (3.2.2.1) with suitable enzymes in an 
analytical restriction digestion. 

Example 4 ; 

Gene expression in E . coli cells 

The procedure is outlined as follows: 

The plasmid is isolated from successfully 
sequenced clones and transformed into the expression 
strain W3110 
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A clone is picked from the transformation plate 
and used to prepare a 5 ml ON preculture 

The preculture is streaked onto an LB (Amp) plate, 
and clones from this plate are used to inoculate 
5 expressions to be carried out later 

1 ml of the preculture is then used to inoculate 
the 50 ml main culture ( ratio 1:50) and the ODsoo is 
determined ( reference measurement with uninoculated 
LB (Amp) . medium) 

10 . The main culture (in a 200 ml Erlenmeyer flask) is 

incubated at 37 °C and 22 0 rpm 

The OD 6 oo is determined every 3 0 min 

Once the OD reaches 0.5, the cells are induced 
with 10 m1 of anhydrotetracycline (1 mg/ml) per 50 ml 
15 of cell suspension (f . c. 0.2 {ig of anhydrotetracycline 
per ml of cell suspension), and the OD is again 
"determined (0 value) 

The OD, is determined every hour and growth is 
stopped 3 h after the time of induction 
20 . 1 ml of thoroughly mixed bacterial suspension is 

placed in a tube and centrifuged at 600 0 rpm for 5 min 
(less suspension may also be used if necessary) 

The supernatant is aspirated off and the pellet is 
homogenized in 100 /il of 1 x red. sample buffer; 
2 5 . The homogenate is boiled for 5 min, cooled on ice 

and briefly centrifuged; 

10 jul of sample are loaded into each well of an 
SDS gel and the electrophoresis (3.2.16) is carried 
out; 

30 . The gel is stained by Coomassie blue staining 

and/or by the method of Example . 5 . 
Cell disruption: 

Cells from a 50 ml overnight culture are centrifuged at 
3500 rpm and 4°C for 15 min. The resulting supernatant 
35 is poured away and the cells are resuspended in 40- ml 
of 100 mM Tris/HCl (pH 8.5). The suspended cells are 
disrupted using a French press in a 1 inch cylinder 
under 18,000 psi .• This entails the cells being forced 
through a narrow orifice (< 1 mm) and subjected to a 
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sudden fall in pressure. The cells burst due to the 
pressure difference on passing through the orifice. The 
structure of the cellular proteins is retained during 
this. To avoid proteolytic degradation of the required 
5 protein, a protease. inhibitor should be added 
immediately after the cell disruption. For this 
purpose, 1 tablet of the EDTA-free Complete™ Protease- 
Inhibitor Cocktail (Roche) is added to each 40 ml of 
protein, solution and dissolved at RT . The subsequent 
10 centrif ugation at 6000 rpm for 20 minutes removes the 
cell detritus and large parts of DNA and RNA. The 
samples are then frozen at -20°C. 

Example 5 ; 

15 Activity staining of the GlcDH band in the SDS gel: 

The glucose dehydrogenase band can be specifically 
detected in the SDS gel using iodophenylni trophenyl- 
phenyltetrazolium chloride (INT). This is possible only 
because the SDS treatment does not destroy the GlcDH 

20 activity. 

The GlcDH is detected by means of a colour reaction. 
This entails the hydrogen formed in the reaction being 
transferred to the tetrazolium salt INT, producing a 
violet formazan. Phenanzine methosulfate serves as 
25 electron transfer agent. 

Preincubation buffer (0.1 M Tris/HCl, pH 7.5) 

15.76 g of Tris/HCl 

ad 1 1 ddH 2 0, pH 7.5 with NaOH 

30 

Reaction buffer (0.08% INT, 0.005% phenanzine 
methosulfate, 0.065% NAD, 5% Glc in 0.1 M Tris/HCl (pH 
7.5) 

0.8 g of iodophenylnitrophenyltetrazolium chloride 
3 5 (INT) 

0.05 g of methylphenazinium methosulfate 

(phenanzine methosulfate ) 
0.65 g of NAD 

50 g of D- (+) -glucose monohydrate (Glc) 



ad 1 1 0.1 M Tris/HCl (pH 7.5) 



Storage buffer for GlcDH: 

26.5 g of EDTA 

15 g of Na 2 HP0 4 

ad 11, pH 7.0 (NaOH) 

Sample preparation: 

Dilute samples and markers in sample buffer. 

Boil in a water bath for 3 min and cool on ice, 

and centrifuge. 

SDS gel electrophoresis by standard methods. 

Activity staining : 

Incubate SDS gel with fractionated protein bands 
in preincubation buffer at 37°C with gentle shaking for 
5 min 

Pour off buffer and cover with a sufficient amount 
of reaction buffer (RT) , and incubate at 37°C with 
gentle shaking (change buffer at least 1 x) 

After incubation for about 3 0 min, the bands with 
GlcDH are stained red-violet. 

Wash gel in preincubation buffer, photograph and 

dry 

If required, carry out a' subsequent Coomassie 
staining and then dry the gel . 

Example 6 ; 

Immunological detection using- the ECL system (Western 
Exposure™ Chemi luminescent Detection System): 
Proteins coupled to a His tag are detected indirectly 
using two antibodies. The first Ab employed is the 
anti - RGS 'His antibody (QIAGEN) for detecting 6xHis- 
tagged proteins. The resulting antigen-antibody complex 
is then detected using the peroxidase ( POD) -labelled 
AffiniPure goat anti-mouse IgG (H+L) antibody. After 
addition of the ECL substrate mixture, the bound 
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peroxidase results in a chemiluminescent product which 
can be detected using a high performance 
chemi luminescence film. 

Ponceau S solution (0.5% Ponceau S, 7.5% TCA) 
5 1.25 g of Ponceau S 
18 .75 g of TCA 

Make up to 250 ml with double-distilled water. 

IQx PBS buffer pH 7 . 4 
10 14.98 g of disodium hydrogen phosphate x 2 H 2 0 
2.13 g of potassium dihydrogen phosphate 
87.66 g of sodium chloride 
Make up to 1 1, check that pH is 7.4. 
The lx concentration of the buffer is employed. 

15 

Biometra blot buffer 
25 mM Tris 
' 150 mM Glycine 
10% Methanol 

20 

Blocking reagent 

5% Skimmed milk powder 

Dissolve in lx PBS buffer. 

25 Washing buffer 

0.1% Nonidet™ P-40 (Sigma) 
Dissolve in lx PBS buffer 

The detection was carried out as follows: 

Cut a PVDF membrane (Immobilon P, Millipore) and 
30 6x blotting filter paper to the size of the gel 

Equilibrate the PVDF membrane for 15 sec in 
methanol and then in Biometra blot buffer, and apply 
the same procedure to the SDS gel and the filter papers 

Blot construction : assemble 3 layers of filter 
35, paper, membrane, gel, 3 layers of filter paper in. the 
blot chamber (air bubbles between the layers must be 
expelled otherwise no protein transfer takes place at 
these points) 

Blotting: 1-1.5 mA/cm 2 of gel for 1 h 



Check of protein transfer : 

After the blotting, the protein transfer to the 
PVDF membrane is checked by staining with Ponceau S: 
incubate the membrane with 0.5% Ponceau S solution in a 
dish with gentle shaking for at least 2 min . Pour off 
dye (reusable) and destain the membrane under running 
deionized water. In : this case, only strong protein 
bands are stained. The molecular weight marker is 
marked with a ballpoint pen. 

Development of the blot: 
All incubations should be carried out in a dish on a 
Celloshaker and in a roller cabinet in 50 ml Falcon 
tubes since the membrane must never dry out during the 
following steps. 

(1) Saturation 

30 min at 37°C in a roller cabinet with PBS/5% 
■ skimmed milk powder 

(2) 1 st antibody: incubate diluted 1:2000 in PBS/5% 
skimmed milk powder (volume about 7 ml /membrane) 
at 37°C for 1 h 

(3) Washing: Wash membrane copiously with washing 
solution PBS/0.1% NP-40 wash for 3 x 5 min 

(4) POD-labelled Ab : incubate diluted 1:1000 in PBS/5% 
skimmed milk powder (new tube) at. 37 °C for 1 h 

(5) Washing: Wash membrane copiously with washing 
solution PBS/0.1% NP-40 wash for 3x5 min 

(6) Development: Swirl membrane thoroughly (do not 
allow to dry) and place on a plastic sheet, cover 
completely with ECL developer solution (Amersham). 
for 1 min, swirl membrane . and place in a doubled 
sheet, lay polaroid Hyperfilm on top and develop 

Example 7 : 

Tridegin detection by inhibition of factor XUIa 
(Method of Finney et al . , 1997, modified according to 
the invention) ; 

In place of the natural substrate of factor XUIa, 

namely amino-containing side chains of amino acids, 

synthetic amines are also incorporated into suitable 



protein substrates. These synthetic amines have 
intramolecular markers which make detection possible. 
The amine incorporation test is a solid-phase test. 
The titre plates are coated with casein. The substrate 
biotinamidopentylamine is incorporated into, this casein 
by factor Xllla. The casein-biotinamidopentylamine 
product can be detected by the streptavidin-alkaline 
phosphatase fusion protein (strep/AP) . This sandwich 
can take place [sic] by detecting the phosphatase 
activity using p-nitrophenyl phosphate. This involves 
the following reaction: 

4-Nitrophenyl phosphate + H 2 0 ^£ phosphate + 

4-nitrophenolate [sic] 

The formation of 4-nitrophenolate [sic] is determined 
by photometry at 405 nm and is directly proportional to 
the AP activity. The high-affinity interaction of 
biotin and streptavidin means that the phosphatase 
activity is likewise proportional to the factor Xllla 
"activity, that is to say a stronger absorption (yellow 
coloration) means a higher factor Xllla activity 
(Janowski, 1997). EDTA is a very nonspecific inhibitor 
of factor Xllla, whose cof actor Ca 2+ is bound by EDTA in 
a chelate complex. For this reason, the protein samples 
used must not contain any EDTA and were pretreated with 
an EDTA-free protease inhibitor cocktail (Boehringer) . 
Washing buffer: , \ 100 mM Tris/HCl, pH 8.5 

Solution A: Dissolve 0.5% skimmed milk 







powder in washing buffer 


Solution 


B: 


Dissolve 0.5 mM biotin- 
amidopentylamine, 10 mM DTT, 
5 mM CaCl 2 in washing buffer 


Solution 


C: 


Dissolve 200 mM EDTA in 
washing buffer 


Solution 


D: 


Dissolve 1.7 fig /ml of 



streptavidin-alkaline 
phosphatase in solution A 
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Solution E: Dissolve 0.01% (w/v) Triton X- 

100 in washing buffer 

Solution F: Dissolve 1 mg/ml p-nitrophenyl 

phosphate; 5mM MgCl 2 in 
washing buffer 

Coating : - 

Distribute 200. pi of solution A in each well on a 
titre plate, depending on the number of samples 
Shake at 37°C for 30 min (Thermoshaker ) 
Washing : 

Wash twice with 300 yl of washing buffer per well 
Incorporation reaction : ^ . 

Distribute 10-150 yl of sample per well and add 
5 yl of factor XHIa per well and 200 yl of solution B 
per well 

Shake at 37°C for 30 min 
Stopping : 

Wash twice with 300 yl of solution C (factor XHIa 
inhibition) per well 

Wash twice with 300 yl of washing buffer per well 
Strep/Ap binding (specific) : 

Add 250 yl of solution D per well 

Incubate at RT for 60 min 
Washing : 

Wash with 300 yl of solution E per well (detaches 
the proteins which are not covalently bonded) 

Wash 4 times with 300 yl of washing buffer per 

well 

Substrate : 

Add 50 yl of solution F per well +, 200 yl of 
washing buffer per well 

Incubate at RT for 30 min ' 
Measure with computer-assisted evaluation in a 
microtitre plate reader at 405 nm 

EXAMPLE 8: Sensitivity of GlcDH detection 

The stated amount of purified GlcDH was put on an SDS 
gel. After the run, the SDS gel was incubated in 
preincubation buffer at 37°C for 5 minutes. The buffer 
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■•"■>i»-^:ui »-r;j" m u : .j! ; jl. :ii Ki H r jL 



- 40 - 

was discarded and the gel was shaken in reaction buffer 
at 37°C. In a further step the gel was stained with 
Coomassie blue. 
Reaction buffer for 1 litre: 
5 0.1M Tris/HCL, pH 7.5 
0 . 5M NaCl 
0.2% Triton X-100 

0.8 g of iodophenylnitrophenyltetrazolium chloride 
0.05 g of methylphenazinium methosulfate 
10 0.65 g of NAD 

50 g of D- (+) -glucose monohydrate 
Preincubation buffer: 
0.1M Tris/HCl, pH 7.5 
0 . 5M NaCl 



WO 00/49039 
Patent claims 
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PCT/EP00/00978 



1. Recombinant fusion protein consisting of at least 
a first and second amino acid sequence, 
characterized in that the first sequence has the 
biological activity of glucose dehydrogenase. 

2. Recombinant fusion protein according to Claim 1, 
characterized in that the second sequence is any 
recombinant protein/polypeptide X or represents 
parts thereof. 

3. Recombinant fusion protein according to Claim 2, 
characterized in that it may additionally have at 
least one other recognition sequence ( u tag 
sequence") suitable for detection. 

4 . DNA, characterized in that it codes for a fusion 
protein according to Claims 1-3 . 

.5. Expression vector, characterized in that it 
comprises a DNA according to Claim 4. 

6. Host cell for expressing recombinant 
proteins/polypeptides , characterized in that it 
comprises an expression vector according "to Claim 
5: 

7. Use of glucose dehydrogenase as detector protein 
for any recombinant protein/polypeptide X in a 
fusion protein according to Claims 1 to 3 . 

8. Use. of glucose dehydrogenase in a detection system 
for the expression of a recombinant 
protein/polypeptide X as constituent of a fusion 
protein according to Claims 1 to 3 . 
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9. 



Use 



of 



glucose 



dehydrogenase 



for 



detecting 



10 



15 



20 



25 



30 



protein-protein interactions, where one partner 
corresponds to the recombinant protein/polypeptide 
X in Claims 1 to 3 . 

10. Use of glucose dehydrogenase in a fusion protein 
according to Claims 1-3 as detector protein for 
any third protein/polypeptide which is not a 
constituent of the fusion protein according to 
Claims 1-3 and is able to bind to the second 
sequence of the protein/polypetide X in the said 
fusion protein. 

11. Use of an expression vector according to Claim 5 
in optimizing the expression of a recombinant 
protein/polypeptide X in a recombinant preparation 
process . 

12. Use of a host cell, according to Claim '6 in 
optimizing the expression of a recombinant 
protein/polypeptide X in a recombinant preparation 
process . 

13. Method for the rapid detection of any recombinant 
protein/polypeptide X by gellectrophoresis , 
characterized in that a fusion protein according 
to Claims 1 to 4 is prepared and fractionated by 
gel electrophoresis, and the recombinant 
protein/polypeptide to be detected in the gel is 
visualized via the enzymic activity of glucose 
dehydrogenase. 

14. Method according to Claim 13, characterized in 
that SDS-polyacrylamide gel electrophoresis (SDS- 
PAGE) is used as gel electrophoresis method. 



15 . 



Method according to Claim 13, characterized in 
that a colour reaction based on tetrazolium salts 
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is employed to detect the enzymic activity of 
glucose dehydrogenase. 

16. Method according to Claim 15, characterized in 
5 that i odopheny lni t r opheny 1 -pheny 1 1 etrazolium salt 

(INT) or nitro blue tetrazolium salt (NBT) is 
employed as tetrazolium salt. 

17. Method according to Claims 13 to 16, characterized 
10 in. that the specific staining of the glucose 

dehydrogenase is followed by a general protein 
staining. 
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SEQUENCE LISTING 

Merck Patient GmbH 

<12Q> Glucose dehydrogenase fusion proteins and their 
use in expression systems 

<130> 9906920-3z-mi 

<140> 
<14I> 

<160> 16 " - 

<17Q> Parentis Ver. 2.1 

<21C> 1 

<211> 3992 

<212> DNA 

<212> Bacillus megacerium 

<220> 

<221> CDS 

<222> (136) . . (963} 

<223> Glucose degydrogenase from Bacillus megaterum 
<220> 

<221> CDS ' 

<222> (978) . . (1010) 

<223> Poly-histidine tag 

<22C> 

<221> gene 

<222> (1; , . (3992) 

<2 23> Plasmid ?AW2 - 

<40C> 1 

ccatcgaatg gecagatgat :aa".;c:aa r.---rg"ga :ac":ar:2 :tca:aqagt 6C 

tat:~:ac:a cz~:c:acca g:ga:agaca aaagtgaaat gaa- agttcg .acaaaaa: ct 12C 

agacaacgag gecaarega: gaaizcgacc zcqqzzczzg ggcatcccvc gaggtcgacc 190 

tgcac atg :a: aca gat -~a aaa g=- aaa gr_ gr.a atr. aca cgr. gca 23C 

Met Tyr Thr Asp Leu Lys Asc Lys Val Val Val He Thr Glv Glv 
L - 5 10 ~ 15 

tea aca ggt cca gga ccc gca acg get gtt err g- t caa gaa gaa 279 

5er Thr Gly Leu Gly Arg Ala Me: Ala Val Arc ?he Gly Gin Glu Glu 
20 25 30 

gca aaa get ci: a:: a a- :a: :ac aac aa~ caa gaa gaa get c:a gat 326 
Ala Lys Val Val He Asn Tyr Tyr Asn Asn Glu Glu Glu Ala Leu Asr; 
35 ' -iC 45 

gcg aaa aaa gaa gra gaa gaa gca ggc gga caa gca a~c ate etc caa 374 
Ala Lys Lys Glu Val Glu Glu Ala Gly Gly Glr. Ala lie lie Val Gin 
50 55 60 



■::,!, i] 3; s+icy «.f . n ll'jj a-;; J. ift, O 'Jl 



ggc gat: gta aca aaa gaa gaa gac gtt gta aat c:t gtt caa aca get 422 

Giy Asd Val The Lys Glu Glu Asp Val VH Asn Lau Val Gin Thr Ala 

65 70 7 5 

act aaa gaa ttt ggc aca r:a gac gta atg act aac aac get ggt gtt 470 

He Lys Glu Phe Gly Thr Leu Asp Val Met lie Asn Asn Ala Gly Val 

30 85 90 95 

gaa aac cca gtt cct cct cat gag eta tet eta gat aac tgg aac aaa 518 

Glu Asn Pro Val Pro Ser Hcs Glu Leu Ser leu Asp Asn Trp Asn Lys 

100 105 " 110 



gtt att gat aca aac eta aca ggt gca ttc tta gga age cgt gaa gca 
Val He Asd Thr Asn- Leu Thr GIv Ala Phe Leu Gly Ser Arg Glu Ala 
"llS * 120 125 - 



566 



710 



758 



306 



354 



ate aaa tac ttc gtt gaa aac gac att aaa gga aa: gtt ate aac atg 614 
He Lvs Tyr Phe Val Glu Asn Asp He Lys Gly Asn Val He Asn Met 
130 125 140 

cct age gtt cac gaa atg att cct tgg cca tta ttt gtt cac tac gca. 662 
Ser Ser Val His Glu Met He Pro Trp Pro Leu Phe Val His Tyr Ala 
145 150 " 155 

gca agt aaa ggc ggc atg aaa eta atg acg gaa aca ttg get ctt gaa 
Ala Ser Lys Gly Gly Met Lys Lau Met Thr Glu Thr Leu Ala Leu Glu 
160 ' 165 * '170 175 

zzz gcg cca aaa ggt ate cgc gta aat aac att gga cca ggt gcg atg 
Tvr Ala Pro Lys Gly He Arg Val Asn Asn He Gly Pro Gly Ala Met 
" 130 185 190 

aac aca cca att aac gca gag aaa ttt gca gat cca gaa caa cgt gca 
Asn Thr Pro He Asn Ala Glu Lys Phe Ala Asp Pro Glu Gin Arg Ala 
195 ' 200 205 

gac gta caa age atg att cca arg eg- zac ate ggt aaa cca gaa gaa; 
Aso Val Glu Ser Met He Pro Me: Gly Tyr He Gly lys Pre Glu Glu 
210 215 220 

gta gca gca get gca gca ::: cca gee tea cca caa gca age tac gta .902 
Val Ala Ala Val Ala Ala Phe Leu Ala Ser Ser Gin Ala Ser Tyr Val 
225 2 30 235 

aca ggt att aca cca ttt gca ca: ggc ggt arg ace aaa tac cet tec 950 
Thr Gly He Thr leu Phe Ala Asc Glv Gly Mec Thr Lys Tyr Pro Ser 
240 245 ' 250 255 

ttc eaa gca gga aga ggc raacagage ret a:; aga gga teg cat cac cat 1001 
Phe Gin Ala Glv Arg Glv Ala Met Arg Gly Ser His His His 

250 . 2£5 - - 

cac cat cac taatagaagc ccgacccgrg aagtgaaaaa tggegcaeat .10=0 

His His His 

270 

tgtgcgacat tttttttgte tecegtttae egetactgcg teaeggaret ecacgcgccc 1110 
tgtagcggcg cactaagcgc ggcgggtgcg gtggctacgc geagegtgae cgetacactt 1170 



gccagcgccc taqcgcccqc tcctctcgct tr cnnccc^ t cczttctcgc cacgttcgcc 1230 . 
ggctttcccc gccaaqc" ci aaa-cggggg czcczzzzag ggt^ccgatc cag-gc"za 1290 
cggcacctcg accccaaaaa ac^rgactag ggigacgg^" cacg^agtgg gccatcgccc 1350 
tgatagacgg ttttccgccc tccgacgr^g gagtccacgt tctccaa-ag tggactcttig 1410 
ttccaaactg gaacaacact caaccctacc tcggtccatt c::ccgattt ataagggatt 1470 
ttgccgatiL cggcctactg gttaaaaaat gagctgait^ aacaaaaatt 'taacgcgaat 1530 
tttaacaaaa tattaacgct :acaat::ca ggtggcacc- ttcggggaaa tgngcgcgga 1530 
acccctatt: gtitattttt . - aaazacai tcaaanatg- acccgctcat gagacaataa 1650 
ccccganaaa .tgctucaau atattgaaaa aggaagagta cgagiattca acatt*ccg- 1713 
g-cgccctta ctccctttzt -gcggcai" -.gccc:cccg t-t-gctca dccagaaacg 177C 
ccgg-gaaag taaaagatgc tgaagacc:ag — gggrgcac gag-ggg-^a ca^cgaactg 1330 
ga-ctcaaca gcggraaca- ccc-gagact r::cccc~cg aagaacgttr r CC aatgaig 1890 
agcacrtitta aag-rctgc- angtggcgcg gtatta-.ccc g^at-gacgc cgggcaagag 1950 
caactcggtc gccgcanaca ctatt^cag aatgacttga t-gagtactc accag-caca 2010 
gaaaagcatc ttacggatcg" cacgacagta agagaattac gcagtgc-gc cataaccatg 2070 
agrgatiaaca czgcggccaa ct:acc":g acaacga.cg gaggaccgaa ggagzuaacc 2130 
qctzzzz^gz acaacacggg ggaLcatgta ac-cc— -g arcg_tggga accggagc-g 2190 
aargaagcca tiaccaaacga cgagcg-gac accacgatgc c-gzagcaat ggcaacaacg 2250 
ttgcgcaaac tattaactgg cgaa:tac:: aci::agcu cccggcaaca attgacagac 231C 
zggatggagg cggataaag- -gcaggacca c:-c:gcgz: cggccctrcc ggctggccgg 2370 
t:r act g«g ataaatic-gg agccgg-gag :g"cc:c:c gcgg-atcat cgcagcaccg 2430 
gggccagatg gtaagccc:: ccg-a::gca g::a:c.aca cgacggggag tcaggcaact 249C 
atgga:gaac gaaacagaca gatrgc-gag a-ggigcc: cac:gat:taa qcattggrag 2550 
gaattaanga rgrc-cgt". agacaaaagt aaag:gacia acagcgcann agagcrgctt 2610 
acgaggtcg gaarcgaagg :r.aa=aac: -g-aaac-cg cccagaagc-. agg-g«gag ■ 267C 
cagcctacat zqtazzqcca tgzaaaaaat aaccgqgc:: tgctcgacgc ctcacccat: 2730 
gagacgrtag acaggcacca :cc:cacr:: cgccc---.ag -aggggaaag ctggcaagat 2790 
tttr-acgta ataacgc.aa aag::t-aga :g:gccc:ac taagccatcg cgacggagca 2850 
aaagtaca" -aggtacacg gcc:acacaa aaacagta-g aaaczc'cga aaaicaacta 2910 
gccc:t::ac gccaacaagg "-".caeca gagaaegcan cazacgcact cagegcagtg 2970 



a 



gggcati^ titia ctttaggttg cgtat-ggaa gancaagagc aucaagtcgc taaagaagaa 3030 
aqggaaacac ctactactga :agcacgccg ccattattac gacaagctat cgaantattt 3090 
gatcaccaag gtgcagagcc agectcctca n "cggccrtg aa^tgatcat acgcgqatna 315G 
gaaaaacaac ttaaatgtga aagtgggrcr taaaagcagc acaaccttn: tccgtgacgg 3210 
taacttcacC agr ccaaaag gatctaggtg aagatcctct ttgataatct: catgaccaaa 3270 
arccct"aac gtgagtrrtc gtrccactga gcgtcagacc ccgtagaaaa gatcaaagga 3330 
He' tie tit: gag atccttttt" tctgcgcgta atctgccgc- tgcaaacaaa aaaaccaccg 3350 
ctaccagcgg tggttngtct gccggaccaa gagccaccaa ccctctttcc gaaggtaacc 3450 
ggcrccagca gagcgcagar accaaazaci: gtccttctag tgnagccgta gtcaggccac 3510 
cac-tcaaga actccgtagc accgcctaca tacctcgctc tgc^aatcct gr^accagtg 3570 
gccgctigcca gtggcgacaa gtcgtgticct accggg^zgg aczcaagacg atragttac-g 3530 
gataaggcgc agcgg-cggg ctgaaccggg ggt^cgcgca cacagcccag ctr-ggaccca 3590 
aegacctiaca' ccgaactigag acacccacag cgtigagc-at. gacaaagcgc cacgctzccc 3750 
gaagggagaa aggcggacag g'atccgcta agcggcaggg ccggaacagg agagcgcacg 3810 
agggagcc-c cagggggaaa cgcct:gg~ac ci-tacagrc ctgncgggtt tcgccacczc 3870 
-gac-cgagc gtcgatTi"- g^ga-gcrcg -caggggggc ggagcctiatg gaaaaacgcc 3930 
agcaacgcgg ccctttcacg qz'cz'qqcc ct—gc-ggc citccgctca catgacc.ga 3990 

3992 



<210> 2 
<21I> 272 

<212> ?RT . 
<213> Bacillus megaterium (GlcDH-polytag fusion protein) 

<AQ0> 2 

Me- Tvc Thr Asc' Leu Lvs Aso Lvs Val Val Val. lie Thr Gly Gly 3er 
1 5 IC 15 

Thr Gly Leu Glv Arg Ala Met Ala Val Arg ?he Gly Gin Glu Glu Ala 
2C 25 30 

Lys Val Val lie Asn Tyr Tyr Asn Asn Glu Glu Glu Ala Leu Asp Ala 
35 AO 45 

Lys Lys Glu Val Glu Glu. Ala Gly Gly Gin Ala :ie lie Val Gin Gly 
50 55 60 

Asa Val Thr Lvs Glu Glu Ass Val Val Asp. Leu Val Gin Thr Ala lie 
.65 70 " ^5 80 

Lys Glu ?he Gly Thr Leu Asp Val Mac lie Asn Asn Ala Gly Val Glu 
95 -50 95 



5 



Asn Pro Vai Pro 
100 



lie Asp Thr Asn 
115 

Lys Tyr Phe Vai 
130 

Ser Vai His Giu 
145 

Ser Lys Giy Giy 



Ala Pro Lvs Giy 
18C 

Thr Pro lie Asn 
195 

Vai Giu Ser Met 
210 

Ala Ala Vai Ala 
225 

Giy lie Thr Leu 



Gla Ala Giy Arg 
260 



Ser His Giu Leu 



Leu Thr Giy Ala 
120 

Giu Asn Asp He 
125 

Met lie Pro Trp 
150 

Me~ Lys Leu Met 
165 

lie Arg.~ Vai Asn 



Ala Giu Lvs Phe 
200 

He Pre Met Giy 
215 

Ala Phe Leu Ala 
220 

Phe Ala Asp Giy 
245 

Giy Ala Met Arg 



Ser Leu Asp Asn 
105 

Phe Leu Giy Ser 



Lys Giy Asn Vai 
140 

Pro Leu Phe Vai 

155 ■ 

Thr Giu Thr Leu 
170 

Asn lie Giy Pre 
135 

Ala Asp Pro Giu 



Tyr He Giy Lys 
220 

Ser Ser Gin Ala 



Giy Met Thr Lys 
25C 

Giy Ser His His 
255 



Trp Asn Lys Vai 
110 

Arg Giu Ala He 
125 

lie Asn Met Ser 



His Tyr Ala Ala 
160 

Ala Leu Giu Tyr 
175 

Giy Ala Met Asr. 
190 

Gin Arc Ala Asp 
205 

Pro Giu Giu Vai 



Ser Tyr Vai Thr 
240 

Tvr Pro Ser Phe 
255 

His His His His 
270 



<210> 3 
<211> 4193 
<212> QNA 

<213> Bacillus megaterium + Heamenteria ghilianii fusion gene 



<22Q> 

<22i> gene 

<222> ( 1 ) . . ( 4 i 9 3 i 

<223> Piasmrd PAW 4 



<220> 
<221> CDS 

<222> (141) . . (344) 
<223> Triaegir. 

<220> 
<221> CDS 

<222> f 337) . . (1169) 

<223> Glucose Dehydrogenase 

<220> 
<221> CDS 

<222> 11179) ... (1211) 

<223> poly-histidine tag 
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<400> 3 

ccatcgaatg gccacatgat caartcctaa tttt tgt tga cac:ccatca ctgatagac: 50 



"ttacca ctccctatca gtgatagaga aaagtgaaac gaacaqttcg acaaaaacct 120 



agataacgag ggcaatcgat atg aaa eta ttg cct tgc aaa gaa tgg cat caa 173 

Met Lys Leu Leu Pro Cys ivs Glu Tro His Gin 
1 5 1C 

ggt att cct aac cct agg r.gc tgg tgt ggg get gat eta gaa tgc gca 221 
Giy lie Pro Asn Pro Arg Cys Trp Cys Gly Ala Aso Leu Glu Cys Aia 
15 20 * " 25 

caa gac caa tac tgt gec ttc ata cct caa tgt aca cca aga tea gaa 269 
Gin Asp 6ln Tyr Cys Ala ?he lie Pro Gin Cys Arg Pro Arg Ser Glu 
30 35 ' 40 

ctg att aaa cce atg gat gat aca tac caa aga cca gtc gag rrt cca 317 
Leu He Lys Pro Met Asp Asp lie Tyr Gin Arg Pro Val Glu Phe Pro 
45 50 ' * 55 

aac cet cca tta aaa ect agg gag gaa agcectatga gaggatcgea 364 
Asn Leu Pro Leu Lys Pro Arg Giu Glu y 
60 65 

teaccatcac catcacctgc ag atg tat aca gat eta aaa gat aaa gta gtt 416 

Met Tyr Thr Asp Leu Lys Asp Lys Vai Vai 
7 0 7 5 

gta art aca ggt gga tea aca ggt eta gga cgc gea atg gc~ gtt cgt 4 64 
Vai lie Thr Gly Giy Ser Thr Gly Leu Gly Arg Aia Met Ala Vai Arc 
80 35 90 

ttc ggt caa gaa gaa gca aaa gtt gtt att aac "tat tac aac aat gaa 512 
Phe Gly Gin Glu Glu Ala Lys Vai Val lie Asp. Tyr Tyr Asn Asn Glu 
95 100 105 11C 

gaa gaa get eta gat gcg aaa aaa gaa gta gaa gaa gca ggc eg a ca~ 560 
Glu Glu Ala Leu Asp Ala Lys Lys Giu Vai Glu Glu Aia Gly Gly Gin 
' 115 - 120 " 125 

gca arc ate gtt caa ggc gat gta aca aaa gaa gaa gac gtt gta aat 603 
Aia He lie Val Gin Giy Asp Val Thr Lys Giu Giu Asp Val Val Asn 
130 135 140 

ctt gtt caa aca get att aaa gaa ttt ggt aca eta gac gta atg att 656 
Leu Val Gin Thr Aia He Lys Giu Phe Giy Thr Leu Asp Vai Met lie 
145 ' 150 155 

aac aac get ggt gtt gaa aac cca gtt cct ttt cat gag eta eet eta .704 
Asn .Asn Ala Giy Vai Glu Asn Pro Vai Pro Ser His Glu Leu Ser Leu 
160 165 170 

gat aac tgg aac aaa gz z a:: gac aca aac tea aca ggt gca etc tta 752 
Asp Asn Trp Asn Lys Vai lie Asp Thr Asn Leu Thr Giy Aia Phe Leu 
175 ISO 1S5 190 

gga age cgt gaa gca att aaa tac tte gtt gaa aac gac att aaa gga 800 
Giy Ser Arg Giu Ala lie Lys Tyr Phe Val Giu Asn Asp lie Lys Giy 
195 " 200 - " 205 



aat gtt ate aac atg t ct age gtt :ac gaa acq at: cct tgg cca tta 843 
Asn Val He A sr. Met Ser Ser Val His Glu Me* lie Pro Trp Pre Leu 
210 215 220 

ttt get: cac tac gca gca agt aaa ggc ggt a eg aaa eta atg acg gaa 896 
Phe Val His Tyr Ala Ala Ser Lys Gly Gly Met Lys Leu Met Thr Glu 
225 230 ' * 235 

aca ttg get. ctt gaa tat: gcg cca aaa ggt att cgc gta aat aat at: 944 
Thr Leu Ala Leu Glu Tyr Ala Pre Lys Gly .lie Arg Val Asn Asa He 
2*10 245 250 

gga cca ggt gcg atg. aac aca cca att aac gca gag aaa ttc gca gat 992 1 
Gly Pro Gly Ala Met Asa Thr Pro He Asn Ala Glu Lys Phe Ala Asp 
255 ' 260 - 265 270 

cca gaa caa cgt gca gac gca gaa age atg att cca a^g ggt: tac ate 1040 
Pro Glu Gin Arg Ala Asp Val Glu Ser Met lie Pro Met Gly Tyr He 

275 280 235 

ggt aaa cca gaa gaa gta gca cca gtt cca gca ttc tta get tea tea 1038 
Gly Lvs Pro Glu Glu Val Ala Ala Vil Ala Ala Phe Leu Ala Ser Ser 
290 295 300 

caa gca age tat gta aca ggt att aca tta ttt gca gat ggc ggt atg 1135 
Gin Ala Ser Tyr Val Thr Gly Ha Thr Leu ?ne Ala Asp Gly Gly Met 
305 310 315 

acg aaa tac cct tct ttc caa gca gga aga ggc taatagagc get atg aga 1137 
Thr Lys Tyr Pro' Ser Phe Gin Ala Gly Arg Gly Ala Met Arg 

32G 325 330 

gga teg cat 'cac cat cac cat cac taatagaagc ttgacctgtg aagtgaaaaa 1241 
Gly Ser' His His His His His His 
335 34G 

-ggegcacat tgtgcgacat tctttttgte tgc-gtttac cgetactgcg teaeggatet 13C1 

ccacgcgccc tgtagcggcg catraaccge ggcgggtgtg gtggttacgc geagegtgae 13 51 

cgctacactt gccagcgccc tagcgcccgc tretttcget ttcttccctt cctttctcgc 1421 

cacgttcgcc ggctttccec gtcaagctct aaateggggg etccctttag ggttccgatt 1431 

tagtgettta cggcacctcg aceeeaaaaa acttgattac ggtgatggtt cacgtagtgg 1541 

gccategecc tgat agaegg tttttcgccc tttgacgttg gagtccacgt tctttaatag 1601 

tggactcttg tteeaaactg gaacaacact caaccctatc teggtctatt cttttgattt 1661 

ataagggatt ttgccgattt eggectattg gttaaaaaat gagrtgattc aacaaaaat: 1721 

taacgcgaat tttaacaaaa tattaaegtt tacaatttca ggtggcactt ttcggggaaa 1731 

tgtgcgcgga acecctattt gtttattttt ctaaatacat tcaaatatgt atccgctcat 1341 

gagacaataa ccctgataaa tgctteaata atatcgaaaa aggaagagta tgagtattca 1901 

acatttcegt gtcgccctta ttcccttttt tgcggcattt tgecttcctg tttttgetea 1961 
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cccagaaacg 
catcgaactg 
tccaatgatg 
cgggcaagag 
accagtcaca 
cataaccatg 
ggagctaacc 
accggagctg 
ggcaacaacg 
atrgaragac 
ggc-ggctgg 
rgcagcac-g 
ccaggcaacr 
gcacrggtiag 
agagcrgc't 
aggzgtagag 
cttagccac: 
c-ggcaagat 
cgatggagca 
aaazzaazza 
cagcgcagtg 
:aaagaacaa 
cgaaz- aCuC 
a-gcggatta 
Ticcg-gatgg 
catgaccaaa 
gaccaaagga 
aaaaccaccg 
gaaggtaact 
gc-aggccac 
gt taccaqzq 



ctggtgaaag 
gaz<zZcaa<:a 
agcactttca 
caactcggtc 
gaaaagcatc 
agtgataaca 

aaZgaacoca 
ttgcgcaaac 
tggatggagg 
rttat-gctg 
gggccagacg 
atggatgaac 
gaazzaa zga 
aatgaggtcg 
cagcctaca: 
gaga tar cag 
tzz tzacgra 
aaag-acatt 
gcc::t::ac 
gggca^-tna 
agggaaacac 
gazcaccaag 
.gaaaaacaac 
:aac::cact 
atccc~ raac 
-ct-ct-gag 
cz accagcgg 
ggc~" cagca 
cacttcaaga 
gctgctgcca 



taaaagatgc 
gcggtaaca z 
aagttctgc: 
gccgcataca 
t racggatgg 
ctgcggccaa 
acaacatggg 
taccaaacga 
"actaac'gc 
cgganaaagt 
acaaatctgc 
g-aagccc-: 
gaaatagaca 
:gccccg::: 
gaatcgaagg 
tgiatrggca 
atagccacca 
ataacgciaa 
-aggtacacr 
gccaacaagg 
crt-_agg--g 
ctaccaccga 
gcgcagag" 
ttaaatgiga 
agtrtr aaaag 
qzqaqZzzzz 
aucctntz':: 
tggtctgt- ~ 
gagcgcaga z 
ac;c: g ;agc 
gc ggcgaz aa 
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^gaagancag 
cc--gagacc 
argrggcgcg 
ctattctcag 
catgacagna 
-tcacc-cng 
ggatcacgza 
cgagcgigac 
ccaactact; 
cgcaggacca 
agccggrgag 
ccgzatcgra 
qazcgczqaq 
aga caaaagt 
~ ttaacaacc 
zgcaaaaaa" 
cacrcact z t 
aag: ~ aga 
gcc'acagaa 
::::c:acca 
cgt3~-ggaa 
- agt:a-gccg 

a a g u g g g n c ~ 
gacetaggcg 
qzzz-zazzqa 
z r-gcgcgca 
gccgga~caa 
accaaatact 
a:cgcc:aca 
gtcgcgrc-z 



t^gggtgcac 
- 1 zcqecccg 
gtaccatccc 
aacgac' tgg 
agagaanta: 
acaacgatcg 
ac:cgcctig 
accacgazgc 
ac; ozagctz 
c~ - ccgcgct 
cg-ggctc-c 
g:"acciaca 
ataggcgccn 
aaagt gacra 
cgtaaactcg 
aagcgggcr- 
:gccct:iag 
g g c a c 
aaacagtacg 
gagaa *gcac 
ga^caagagc 
cca::a::ac 
-z:ggcc-:g 
naaaagcagc 
aagaticc* z z 
gcgccagacc 
atctgctgct 
gagct accaa 
g-ccttctag 
tacc^cgcrc 
accgggt zgq 



gag-gggu ~a 

a agaacgc 1 t 

gtattgacgc 

t-gagtactc 

gcagcgctgc 

gaggaccgaa 

accgti-ggga 

ctrgragcaan 

cccggcaaca 

cggccct-cc 

gcggtaccat 

cgacggggag 

cactgacraa 

acagcgcat- 

cccagaagcr 

:gc:cgaccc 

aaggggaaag 

" aagtcaccg 

aaac:cr:ga 

<- az az q cz aczz 

accaag-cgc 

gacaagctat 

aautLga~catr 

a^aacc^ncc 

~ t g a r a a z c c 

ccg~agaaaa 

-gcaaacaaa 

ctc:::tecc 

tgtagccgua 

tgctaaccct 

actcaagacg 



2021 
20S1 
2141 
'2201 
2261 
2321 
2381 
2441 
2501 
2561 

2 621 
26S1 
2741 
2901 
2361 
2921 
2981 
3041 
3101 
3151 
3221 
3281 
334 1 

3 401 
3461 
3521 
3581 
364 1 
3701 
3761 
3321 
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acagtiaccg 


gataaggcgc 


ageggteggg 


ctgaacgggg 


ggttcgtgca 


cacagcccag 


3331 


cttggagqga 


acgaccCaca 


ccgaacrgag 


acacccacag 


cgtgagctat 


gagaaagego 


3941 


cacgcttccc 


gaagggagaa 


aggeggacag 


gtatecggta 


ageggcaggg 


teggaacagg 


4001 


agagcgcacg 


agggagcttc 


cagggggaaa 


cgcctggtat 


ctttaragtc 


ergtegggtt 


4061 


tcgccacctc 


tig act. eg age 


gtcgattz^t 


gt ga~ cot eg 


tcaggggggc 


ggagcctarg 


4121 


gaaaaacgcc 


ageaacgegg 


cctt:ttacg 


gt tcctggcc 


tttrgctggc 


ctcttgctca 


4131 


catgacccga 


ca 










4193 



<210> 4 

<211> 340 

<212> PRT 

<213> 3aciilus megatenum ^ Keair.enteria gn.iiiar.xi fusion protein 

'<4Q0> 4 ^ 

Met Lys Leu Leu ?rc C*/s Lys Glu Tro riis Gin Giv lie ?rc Asn Pro 
1 5 10 ~ 15 1 

■Arg Cys Trp Cys Gly Ala Asp Leu Glu Cys Ala Gin Asp Gin Tyr Cys 
20 ' 25 30 

Ala Phe lie Pro Gin Cys Arg Pro Arg Ser Glu Leu lie Lys Pro Met 
35 ' 40 ~ 45 

Aso Asp lie Tvr Gin Arg Pro Vai Glu ?ne Pro Asn Leu Pro Leu Lys 
SO " 55 60 

Pro Arg Glu Glu Met Tyr Thr Asp- leu Lys Asp Lys Vai Vai 

55 . 70 75 

Vai He Thr Gly Gly Ser Tr.r Gly Leu Gly Art Ala Mec Ala 7a I Arc 
30 35 9C 

Phe Gly Gin Glu Giu Ala Lys Vai Vai lie As- Tyr Tyr .Asn Asn Giu 
95 100 105 110 

Glu Giu Ala Leu Aso Ala Lvs Lvs Glu' Vai Glu Giu Ala Giy Giy Gin 
115 120 125 

Ala lie lie Vai Gin Glv Aso -Vai Thr Lys Giu Giu Asp Vai Vai Asn 
130 " 135 140 

Leu Vai Gin Thr Ala lie Lys Giu Phe Giy Thr Leu Asp Vai Met lie 
145 15C ' 155 

Asn Asn Ala Giy Vai Giu Asn Pro Vai Pro Ser Mrs Giu Leu Ser Leu 
ISC 165 17C 

Aso Asn Trp Asn Lvs Vai lie Asp Thr Asn Leu Thr Gly Ala Phe Leu 
175 * 190 ia= 190 

Gly Ser Ara Glu Ala lie Lys Tyr Phe Vai Giu Asn Asp He Lys Gly 
195 200 205 
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Asn Val lie Asn Met Ser Ser Vai His Giu Me: lie Pro Trp Pro Leu 
210 215 22C 

Phe Val His Tyr Ala Aia Ser Lys Giy Gly Met Lys Leu Met Thr Giu 
225 230 235 

Thr Leu Ala Leu Giu Tyr Aia Pro Lvs Gly lie Arg Vai Asn Asn Ti e 
240 245 250 

Gly Pro Giy Aia Met: Asn Thr Pro lie Asn Ala Giu Lys Phe Ala .Asp 
255 260 265 " 270 

Pro Giu Gin Arg Aia Asp Vai Giu Ser Met lie Pro Met Gly Tyr lie 
275 280 285 

Gly Lys Pro Giu Giu Val Ala Aia Vai Aia Aia Phe Leu Aia Ser Ser 
290 235 300 

Gin Aia Ser Tyr Val Thr Giy lie Thr Leu Phe Aia Aso Gly Glv Met 

.,.-305 310 . 315 

Thr Lys Tyr Pro Ser Phe Gin Ala Gly Arg Gly Ala Met .Arg Glv Ser 

320 325 330 

His His His .His His His 
335 340 



<210> 5 
<2ii> 32 
<212> DNA 

<213>' Artificial sequence 
<220> 

<221> primer_bind 

<222> \l) . . (32! 

<225> Prirter 1, GlcCH 

<220> 

<223> Description of the artificial sequence: primer 
<40G> 5 

gcgcgaa etc aegtatacag atttaaaaaq a: " 32 

<210> 6 

<21i> 31 . 
<212> DNA . 

<213> Artificial sequence 
<220> 

<221> primer^brr.d 

<222> (1) . . (31) 

<223> Primer 2, GlcDH 

<22Q> 

<223> Description of the artificial sequence: primer 



<4C0> 5 

gcgcttcgaa ctattagrct cttcc-grtt g 



31 
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<210> 7 
<211> 31 
<212> DNA 

<2I3> Artificial sequence 
<220> 

<223> Description of the artificial sequence: primer 
<400> 7 

gcgccrgcag atgtacacag atttaaaaga - 

<210> 3 
<211> 31. 
<212> DNA 

<213> Artificial sequence 
<220> 

<2 2 1 > primer_binc 

<222> ( 1) . - (31) 

<223> Printer 4, GicDH 

<220> 

<223> Description of the artificial sequence: primer 
<400> a 

gcgcagcgc:: ciattagcc: ■ cztcctgct t g 

<210> 9 

<211> 31 

<212> DNA 

<213> Artificial sequence 
<220> 

<221> priitter_bind 

<222> ID . . (31) 

<223> ?riT,e: 5, .riaegir. 

<220> 

<223> Description of the artificial sequence: primer 
<400> 9 

gcgcancgat atgaaacia: igcctngcaa a 

<21C> 10 
<211> 31 
<212> DNA 

<213> Artificial sequence 
<220> 

<221> primer_bind 

<222> *tl) . . (31) 

<223> Primer 6, Tridegin 

<220> 

<223> Description of the artificial sequence: primer 



<400> 10 

gcgcctgcag gtganggtga tgg-cga^gcg a 

<2I0> 11 
<211> 22 
<212> DNA 

<213> Artificial sequence 
<220> 

<221> prime r_bind 

<222> "(1) . . (22) 

<223> Primer 7, pASK 7 5U?N 

<220> * - 

<223> Description of the artificial sequence: primer 
<400> 11 

ccarcgaatg gccagatgat za 



<210> 12 
<211> 21 
<212> DNA 

<213> Artificial sequence 
<220> 

< 2 2 1 > primer_bind - 
<222> (1} . . (21) 
<223> pASK 75 RPN 

<220> 

<223> Description of the artificial sequence: primer 
<400> 12 

cagcggzaaa cggcagacaa a 

<2IQ> 13 
<211> 20 
<212> DNA 

<212> Artificial sequence 
<22C> 

<2 21> primer^oiac 

<222> [ 1) . . (20) 

<223> Primer S, T7 5eq . 

<220> 

<223> Description of the artificial sequence: primer 
<400> 13 

taatacgact cactacaggg 



<210> 14 

<211> 19 

<212> DNA 

<213> Artificial sequence 



<220> 



13 



<22I> primer^bind 
<222> (1) . . (18) 
<223> Rev. Sec. 

<220> 

<223> Description- of the 
<400> 14 

tagaaggcac ag^ccgagg 



artificial sequence: primer 
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